Searching PAJ Page 1 of 1 

PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number :- \\ . 2002-088120 
(43)Date of publication of application : 27.03.2002 

(51)lnt.CI. 



(21 Application number : 2001-071896 


(71 )Applicant 


TORAY IND INC 


(22)Date of filing : 14.03.2001 


(72) Inventor : 


SUGIMOTO KAZUNORI 






MORI YOICHI 



r 



(30)Priority v 

Priority number : 2000074208 Priority date • 1 6.0!3-.2000 Priority country : JP 
2000209439 11. 07;2000 JP 

(54) POLY(ALICYCLIC OLEFIN) 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a resin that has 
a low dielectric constant and a low refractive index. 
SOLUTION: The objective poly(alicyclic olefin) 
characteristically comprises the recurring units 
represented by the following general formula (1) with a 
weight-average molecular weight of 500-5,000,000 
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6-20C aryl and may be identical or different; R5 and R6 
are each H, or a 1-1 0C alkyl and may be identical Or 
different; R7 and R8 are each F, CF3, OCF3, a 1-1 0C 
alkyl group, a 6-20C aryl group and may be identical or 
different). 
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* NOTICES * 

JPO and INPIT are not responsible for any v 
damages caused by the use of this translation. 

1. This document has been translated by computers So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[ Drawing 1] 
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[ Drawing 2] 
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[ Drawing 4] 
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[ Drawing 6] 
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[ Drawing 8] 
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[ Drawing 9] 
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[ Drawing 10] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to new unsaturation group content alicyclic imide, 

poly (alicyclic olefin) which is the polymer, etc. 

[0002] 

[Description of the Prior Art]High integration, multi-functionalization, and highly efficient-ization 
are following large scale integration circuit (LSI) reflecting progress of ultra-fine processing 
technology. As a result, circuit resistance and the capacitor capacitance (respectively 
henceforth "parasitic resistance" and "parasitic capacitance") between wiring increase, and it 
has become a major factor to which power consumption not only increases, but the signal 
speed of a device falls. Therefore, the circumference of wiring tends to be covered with the 
interlayer insulation film of a lower dielectric constant, and you are going to lower parasitic 
capacitance, and are going to make it accelerate a device. The trial which specifically changes 
the silicon oxide film used for the conventional interlayer insulation film to an organic layer with 
a smaller dielectric constant is made. However, an interlayer insulation film is required to have 
the outstanding heat resistance and mechanical characteristic which can bear post processes, 
such as a film formation process at the time of mounting board manufacture, chip connection, 
pin attachment, with a low dielectric. Although fluoto-resins and norbornene system resin, such 
as polytetrafluoroethylene, are known as typical low dielectric organic materials, heat 
resistance of the former is insufficient and the mechanical characteristic of the latter is 
insufficient. On the other hand, although the organic materials which were excellent in heat 
resistance or a mechanical characteristic are known, specific inductive capacity, such as 
conventional polyimide, an epoxy resin, and silicone resin, is 3.0 to about 4.0, and cannot be 
satisfied in the field of a low dielectric. There is a problem that conventional polyimide has the 
large anisotropy of a dielectric constant, and specific inductive capacity differs in the direction 
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between wiring and the direction between wiring layers. Although norbornene imide system 
polymer (MacromoLChem.Phys. 200, 338-347-1999) ii ; known, there is no statement about an 
electrical property (especially dielectric constant) and^a mechanical characteristic. 
[0003]That is, the actual condition is that the insulating material which has simultaneously heat 
resistance, a mechanical characteristic, a low'dielectric, and the isotropy of a dielectric 
constant is not yet found out. The clad plate of optical-communications relations, especially an 
optical waveguide is expected to be a low refractive index and a low double refraction factor. 
[0004] 

[Problem(s) to be Solved by the InventionJThe purpose of this invention is to provide polymer 
useful as an insulating material which has simultaneously a low dielectric, heat resistance and 
low retractility, the isotropy (low double refraction factor) of a dielectric constant, and a 
mechanical characteristic. 

[0005] * inv - 

[Means for Solving the Problem]That is, this invention js an insulator layer or an optic using 
poly (alicyclic olefin), wherein weight average molecular weight including a repeating unit of 
structure expressed with a general formula (1) a is 5Q0-5 million. 
[0006] 
[Formula 2] 




[0007](ln a general formula (1), I is an integer with which 1-2m, n, and o show the integer of 0- 
5, and m+n>=1 is filled.) X shows SOdirect coupling or O, S, CH 2 , CO, SO, or R 1 - R 4 show 
H, F, CF 3 , the alkyl group of the carbon numbers 1-10, or aryl group of the carbon numbers 6- 

5 6 

20, may be the same or may differ. R and R show the alkyl group of H or the carbon 

numbers 1-10, may be the same or may differ. R 7 and R 8 show F, CF OCF., the alkyl group 

of the carbon numbers 1-10, or aryl group of the carbon numbers 6-20, may be the same or 

may differ. 

[0008] 
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[Embodiment of the lnvention]The poly (alicyclic olefin) expressed with the general formula (1) 
in this invention is obtained by carrying out vinyl addition condensation of the unsaturation 
group content alicyclic imide compound expressed with a general formula (2) in a 
polymerization solvent and under a metal catalyst. 
[0009] 

[Formula 3] K 




[0010]ln a general formula (2), I is an integer with which 1-2m, n, and o show the integer of 0- 
5, and m+n>=1 is filled. X shows SOdirect coupling or O, S, ChL, CO, SO, or .. R 1 - R 4 show 
H, F, CF , the alkyl group of the carbon numbers 1-10, or aryl group of the carbon numbers 6- 

20, may be the same or may differ. R and R show the alkyl group of H or the carbon 

7 8 

numbers 1-10, may be the same or may differ. R and R show F, CF 3 , OCF 3 , the alkyl group 

of the carbon numbers 1-10, or aryl group of the carbon numbers 6-20, may be the same or 
may differ. 

[001 1]An unsaturation group content alicyclic imide compound which is a monomer, It is 
obtained by reaction temperature of 20 ** - 200 ** beihg preferred among an organic solvent, 
and making an aromatic amine compound expressed with an unsaturation group content 
alicyclic acid anhydride expressed with a general formula (3), and a general formula (4) react 
at 50 ** - 150 ** more preferably for 0.5 to 24 hours. 
[0012] 
[Formula 4] 




(3) 



[0013]ln a general formula (3), I shows the integer of 1-2. R 1 - R 4 show H, F, CF 3 , the alkyl 
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group of the carbon numbers 1-10, or aryl group of the carbon numbers 6-20, may be the 

same or may differ. R and R show the alkyl group of H or the carbon numbers 1-10. 

[0014] 

[Formula 5] 

P 7 )m 

(4) 

O 

t ^ 

[0015]ln a general formula (4), m, n, and o are integers with which the integer of 0-5 is shown 

7 8 

and m+n>=1 is filled. X shows direct coupling or O, S, CH 2 , CO, SO, and S0 2 . R and R 
show F, CF 0 , OCF 0 , the alkyl group of the carbon numbers 1-10, or aryl group of the carbon 
numbers 6-20, may be the same or may differ. 

[00 16] As for at least one of R 7 and the R 8 , it is still more preferred than a point of lower- 
dielectric-constant-izing that it is CFg. , <■ , 

[0017]As a desirable example of a solvent used for this reaction, Aromatic hydrocarbon, such 
as benzene, toluene, and xylene, acetone, methyl ethyl ketone, Ketone, such as 
cyclohexanone and heptanone, ethyl acetate, acetic acid-t-butyl, Ester species, such as acetic 
acid-n-butyl and acetic acid-n-hexyl, 1,2-dichloroethane, Halogenated hydrocarbon, such as 
chloroform and chlorobenzene, 1, 2-dimethoxyethane, Diethylene glycol dimethyl ether, 
diethylene-glycol ethylmethyl ether, Diethylene-glycol diethylether, a tetrahydrofuran, 1,3- 
dioxane, Protonic polar solvents, such as aprotic polar solvents, such as ether, such as 1 ,4- 
dioxane, N.N-dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide, N-methyl-2- 
pyrrolidone, and sulfolane, and acetic acid, etc. can be mentioned. These organic solvents are 
independent, or two or more sorts can be mixed and used for them. 
[0018]As an example of an unsaturation group, content alicyclic acid anhydride used by this 
invention, The bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 2,3-dimethyl- bicyclo 
[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 7-fluoro-bicyclo[2,2,1]hept 5-ene- 2, 3- 
dicarboxylic anhydride, The 7,7-difluoro-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, 
The 5,6-difluoro-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, 5,6,7,7, the - tetrafluoro 
bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 7-trifluoromethyl bicyclo[2,2,1]hept 
5-ene- 2, 3-dicarboxylic anhydride, The 7 J 7-bis(trifluorpmethyl)-bicyclo[2,2,1]hept 5-ene- 2, 3- 
dicarboxylic anhydride, A 5,6-bis(trifluoromethyl)-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic 
anhydride, 5,6,7,7, the - tetrakis (trifluoromethyl)-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic 
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anhydride, The 7-methyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 7,7- 
dimethyl- bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 5,6-dimethyl- bicyclo[2,2,1] 
hept 5-ene- 2, 3-dicarboxylic anhydride, The 5,6,7,7-tetramethyl bicyclo[2,2,1]hept 5-ene- 2, 3- 
dicarboxylic anhydride, The 7-ethyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 
7,7-diethyl- bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 5,6-diethyl- bicyclo[2,2,1] 
hept 5-ene- 2, 3-dicarboxylic anhydride, The 5,6,7;7-tetraethyl bicyclo[2,2,1]hept 5-ene- 2, 3- 
dicarboxylic anhydride, The 7-cyclohexyl-bicyelo[2,'2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, 
A 7,7-dicyclohexyl bicyclo[2,2,1]hept 5-ene- 2,3-dicarboxylic anhydride, the 7-phenyl-bicyclo 
[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride,' The 7,7-diphenyl-bicyclo[2,2,1]hept 5-ene- 2, 3- 
dicarboxylic anhydride, The 7-methyl-7-phenyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic 
anhydride, The 5,6-difluoro-7,7-diphenyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, 
The 5,6-dimethyl- 7,7-diphenyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 5,6- 
bis(trifluoromethyl)-7,7-diphenyl-bicyclo[2,2,1]hept 5-ene- 2, 3-dicarboxylic anhydride, The 
bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The bicyclo[2,2,2] oct 5-ene- 2, 3- 
dicarboxylic anhydride, The 7,8-difluoro-bicyclo[2,2,2].pct 5-ene- 2, 3-dicarboxylic anhydride, A 
7,7,8,8-tetrafluoro bicyclo[2,2,2] oct 5-ene- 2,3-dicarboxylic anhydride, the 5,6-difluoro-bicyclo 
[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The .5,6,7,7, 8,8-hexafluoro bicyclo[2,2,2] oct 5- 
ene- 2, 3-dicarboxylic anhydride, The 7,8-bis(trifluoromethyl)-bicyclo[2,2,2] oct 5-ene- 2, 3- 
dicarboxylic anhydride, The 7,7,8, 8-tetrakis (trifluoromethyl)-bicyclo[2,2,2] oct 5-ene- 2, 3- 
dicarboxylic anhydride, The 5,6-bis(trifluoromethyl)-bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic 
anhydride, The 5,6,7,7, 8,8-hexakis (thfluoromethyl)-bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic 
anhydride, The 7,8-dimethyl- bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The 7,7,8,8- 
tetramethyl bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, A 5,6-dimethyl- bicyclo[2,2,2] 
oct 5-ene- 2,3-dicarboxylic anhydride, the 5,6,7, 7,8,8-hexamethyl bicyclo[2,2,2] oct 5-ene- 2, 3- 
dicarboxylic anhydride, The 7,8-diethyl- bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, 
The 7,7,8,8-tetraethyl bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The 5,6-diethyl- 
bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The 5,6,7, 7,8, 8-hexaethyl-bicyclo[2,2,2] 
oct 5-ene- 2, 3-dicarboxylic anhydride, The 7,8-dicyclohexyl bicyclo[2,2,2] oct 5-ene- 2, 3- 
dicarboxylic anhydride, The 7,8-diphenyl-bicyclo[2,2,2] Oct 5-ene- 2, 3-dicarboxylic anhydride, 
The 5,6-difluoro-7,8-diphenyl-bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, The 5,6- 
dimethyl- 7,8-diphenyl-bicyclo[2,2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, Although the 5,6- 
bis(trifluoromethyl)-7,8-diphenyl-bicyclo[2 l 2,2] oct 5-ene- 2, 3-dicarboxylic anhydride, etc. can 
be mentioned, it is not limited to this. u '[ 

[0019]As an unsaturation group content alicyclic acid anhydride to be used, it is more preferred 
than it is an endo-object that a configuration of an acidjanhydride part is an exo-object at a 
point that the polymerization reaction nature of an unsaturation group content alicyclic imide 
compound obtained from an unsaturation group content alicyclic acid anhydride is high. 
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[0020]As an example of an aromatic amine compound used by this invention, 2-trifluoro 
methylaniline, 3-trifluoro methylaniline, 4-trifluoro methylaniline, 2,3-bis(trifluoromethyl)aniline, 
2,4-bis(trifluoromethyl)aniline, 2,5-bis(trifluoromethyl)aniline, 2,6-bis(trifluoromethyl)anili.ne, 3,4- 
bis(trifluoromethyl)aniline, 3,5-bis(trifluoromethyl)aniline, 2,4,6-tris(trifluoromethyl) aniline, 
2,3,4,5,6-pentakis (trifluoromethyl) aniline, 2-fluoro-3-trifluoroaniline, 2-fluoro-4-trifluoroaniline, 

2- fluoro-5-trifluoroaniline, 3-fluoro-4-trifluoroaniline, 3-fluoro-5-trifluoroaniline, 2-methyl-3- 
trifluoroaniline, 2-methyl-4-trifluoroaniline, 2-methyl-5-trifluoroaniline, 3-methyl-4- 
trifluoroaniline, 3-methyl-5-trifluoroaniline, 2-phenyl-3-trifluoroaniline, 2-phenyl-4- 
trifluoroaniline, 2-phenyl-5-trifluoroaniline, 3-phenyl-4-trifluoroaniline, 3-phenyl-5- 
trifluoroaniline, 2-(3-trifluoro methylphenyl) aniline, 3-(3-trifluoro methylphenyl) aniline, 4-(3- 
trifluoro methylphenyl) aniline, 2-[3,4-bis(trifluoromethyl)phenyl] aniline, 3-[3,4-bis 
(trifluoromethyl)phenyl] aniline, 4-[3,4-bis(trifluoromethyl)phenyl] aniline, 2-[2,4-bis 
(trifluoromethyl)phenoxy] aniline, 3-[2,4-bis(trifluoromethyl)phenoxy] aniline, 4-[2,4-bis 
(trifluoromethyl)phenoxy] aniline, 2-[3,4-bis(trifluoromethyl)phenoxy] aniline, 3-[3,4-bis 
(trifluoromethyl)phenoxy] aniline, 4-[3,4-bis(trifluoromethyl)phenoxy] aniline, 2-[3,5-bis 
(trifluoromethyl)phenoxy] aniline, S-tS^-bisOrifluorqmethyOphenoxy] aniline, 4-[3,5-bis 
(trifluoromethyl)phenoxy] aniline, 2,4-bis[3,5-bis(trifluQromethyl)phenoxy] aniline, 2,3-bis[3,5- 
bis(trifluoromethyl)phenoxy] aniline, 2,6-bis[3,5-bis(trifluoromethyl)phenoxy] aniline, 3,4-bis 
[3,5-bis(trifluoromethyl)phenoxy] aniline, 3,5-bis[3,5-bis(trifluoromethyl)phenoxy] aniline, 2,4,6- 
tris[3,5-bis(trifluoromethyl)phenoxy] aniline, 2-fluoro-4-[3,5-bis(trifluoromethyl)phenoxy] aniline, 

3- fluoro-4-[3,5-bis(trifluoromethyl)phenoxy] aniline, 2,5-difluoro-4-[3,5-bis(trifluoromethyl) 
phenoxy] aniline, 2,6-difluoro-4-[3,5-bis(trifluoromethyl)phenoxy] aniline, 3,5-difluoro-4-[3,5-bis 
(trifluoromethyl)phenoxy] aniline, 2-trifluoromethyl 4-[3,5-bis(trifluoromethyl)phenoxy] aniline, 3- 
trifluoromethyl 4-[3,5-bis(trifluoromethyl)phenoxy] aniline, 2,5-bis(trifluoromethyl)-4-[3,5-bis 
(trifluoromethyl)phenoxy] aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)phenoxy] 
aniline, 3,5-bis(trifluoromethyl)-4-[3,5-bis(trifluqrom^ aniline, 2-[3,5-bis 
(trifluoromethyl)benzyl] aniline, 3-[3,5-bis(trifluoromethyl)benzyl] aniline, 4-[3,5-bis 
(trifluoromethyl)benzyl] aniline, 2,4-bis[3,5-bis(trifluor6methyl)benzyl] aniline, 2,6-bis[3,5-bis 
(trifluoromethyl)benzyl] aniline, 3,5-bis[3,5-bis(trifluor6methyl)benzyl] aniline, 2,4,6-tris[3,5-bis 
(trifluoromethyl)benzyl] aniline, 2-fluoro-4-[3,5-bis(triflyoromethyl)benzyl] aniline, 3-fluoro-4- 
[3,5-bis(trifluoromethyl)benzyl] aniline, 2,5-difluoro-4-[3,5-bis(trifluoromethyl)benzyl] aniline, 
2,6-difluoro-4-[3,5-bis(trifluoromethyl)benzyl] aniline,, 3,5-difluoro-4-[3,5-bis(trifluoromethyl) 
benzyl] aniline, 2-trifluoromethyl 4-[3,5-bis(trifluoromethyl)benzyl] aniline, 3-trifluoromethyl 4- 
[3,5-bis(trifluoromethyl)benzyl] aniline, 2,5-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)benzyl] 
aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis^ aniline, 3,5-bis 
(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)benzyl] aniline, 2-[3,5-bis(trifluoromethyl)benzoyl] 
aniline, 3-[3,5-bis(trifluoromethyl)benzoyl] aniline, 4-[3,5-bis(trifluoromethyl)benzoyl] aniline, 
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2.4- bis[3,5-bis(trifluoromethyl)benzoyl] aniline; 2 J 6-feis[3,5-bis(trifluoromethyl)benzoyl] aniline, 

3.5- bis[3,5-bis(trifluoromethyl)benzoyl] aniline] 2 J 4,6-tns[3 > 5-bis(trifluoromethyl)benzoyl] aniline, 
2-fluoro-4-[3,5-bis(trifluoromethyl)benzoyl] aniline, 3-fluoro-4-[3,5-bis(trifluoromethyl)benzoyl] 
aniline, 2,5-difluoro-4-[3,5-bis(trifluoromethyl)benzoylf aniline, 2,6-difluoro-4-[3,5-bis 
(trifluoromethyl)benzoyl] aniline, 3,5-difluoro-4-[3,5-bis(trifluoromethyl)benzoyl] aniline, 2- 
trifluoromethyl 4-[3,5-bis(trifluoromethyl)benzoyl] aniline, 3-trifluoromethyl 4-[3,5-bis 
(trifluoromethyl)benzoyl] aniline, 2,5-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)benzoyl] 
aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethy^ aniline, 3,5-bis 
(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)benzoyl] aniline, 2-[3,5-bis(trifluoromethyl)phenylthio] 
aniline, 3-[3,5-bis(trifluoromethyl)phenylthio] aniline, 4-[3,5-bis(trifluoromethyl)phenylthio] 
aniline, 2,4-bis[3,5-bis(trifluoromethyl)phenylthio] aniline, 2,6-bis[3,5-bis(trifluoromethyl) 
phenylthio] aniline, 3,5-bis[3,5-bis(trifluoromethyl)phenylthio] aniline, 2,4,6-tris[3,5-bis 
(trifluoromethyl)phenylthio] aniline, 2-fluoro-4-[3,5-bis(trifluoromethyl)phenylthio] aniline, 3- 
fluoro-4-[3,5-bis(trifluoromethyl)phenylthio] aniliner2,5-difluoro-4-[3,5-bis(trifluoromethyl) 
phenylthio] aniline, 2,6-difluoro-4-[3,5-bis(trifluprom6t^ aniline, 3,5-difluoro-4-[3,5- 
bis(trifluoromethyl)phenylthio] aniline, 2-trifluoromethyl 4-[3,5-bis(trifluoromethyl)phenylthio] 
aniline, 3-trifluoromethyl 4-[3,5-bis(trifluoromethyl)p]jienylthio] aniline, 2,5-bis(trifluoromethyl)-4- 
[3,5-bis(trifluoromethyl)phenylthio] aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl) 
phenylthio] aniline, 3,5-bis(trifluoromethyl)-4-^ aniline, 2-[3,5- 
bis(trifluorornethyl)phenylsulfinyl] aniline, 3-[3,5-bis(trifluoromethyl)phenylsulfinyl] aniline, 4- 
[3,5-bis(trifluoromethyl)phenylsulfinyl] aniline, 2,4-bis[3,5-bis(trifluoromethyl)phenylsulfinyl] 
aniline, 2,6-bis[3,5-bis(trifluoromethyl)phenylsulfinyl] aniline, 3,5-bis[3,5-bis(trifluoromethyl) 
phenylsulfinyl] aniline, 2,4,6-tris[3,5-bis(trifluorpmethyl)phenylsulfinyl] aniline, 2-fluoro-4-[3,5- 
bis(trifluoromethyl)phenylsulfinyl] aniline, 3-fluoro-4-[3;5-bis(trifluoromethyl)phenylsulfinyl] 
aniline, 2,5-difluoro-4-[3,5-bis(trifluoromethyl)phenylsy^ aniline, 2,6-difluoro-4-[3,5-bis 
(trifluoromethyl)phenylsulfinyl] aniline, 3,5-difluoro-4 7 [3,5-bis(trifluoromethyl^ 

aniline, 2-trifluoromethyl 4-[3,5-bis(trifluoromethyl)phehylsulfinyl] aniline, 3-trifluoromethyl 4- 
[3,5-bis(trifluoromethyl)phenylsulfinyl] aniline, 2,5-bis(frifluoromethyl)-4-[3,5-bis(trifluoromethyl) 
phenylsulfinyl] aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethy0 aniline, 
3,5-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)phenyj^ aniline, 2-[3,5-bis 
(trifluoromethyl)phenyl slufonyl] aniline, 3-[3,5-bis(trifluoromethyl)phenyl slufonyl] aniline, 4- 
[3,5-bis(trifluoromethyl)phenyl slufonyl] aniline; 2,4-bis[3,5-bis(trifluoromethyl)phenyl slufonyl] 
aniline, 2,6-bis[3,5-bis(trifluoromethyl)phenyl slufonyl} aniline, 3,5-bis[3,5-bis(trifluoromethyl) 
phenyl slufonyl] aniline, 2,4,6-tris[3,5-bis(trifludromethyl)phenyl slufonyl] aniline, 2-fluoro-4-[3,5- 
bis(trifluoromethyl)phenyl slufonyl] aniline, 3-fluoro : 4-[3,5-bis(trifluoromethyl)phenyl slufonyl] 
aniline, 2,5-difluoro-4-[3,5-bis(trifluoromethyl)phenyi .slufonyl] aniline, 2,6-difluoro-4-[3,5-bis 
(trifluoromethyl)phenyl slufonyl] aniline, 3,5-difluord-4-[3,5-bis(trifluoromethyl)phenyl slufonyl] 
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aniline, 2-trifluoromethyl 4-[3 J 5-bis(trifluoromethyl)phenyl slufonyl] aniline, 3-trifluoromethyl 4- 
[3,5-bis(trifluoromethyl)phenyl slufonyl] aniline, 2,5-bis(trifluoromethyl)-4-[3,5-bis 
(trifluoromethyl)phenyl slufonyl] aniline, 2,6-bis(trifluoromethyl)-4-[3,5-bis(trifluorometh 
slufonyl] aniline, Although 3,5-bis(trifluoromethyl)-4-[3,5-bis(trifluoromethyl)phenyl slufonyl] 
aniline etc. can be mentioned, it is not limited to this. 

[0021]Said vinyl addition condensation reaction of unsaturation group content alicyclic imide is 
performed using a metal catalyst. 0-250 ** of reaction* temperature is preferred, and it is 20 ** - 
150 ** more preferably. Reaction pressure in particular, is not limited but can usually be carried 
out by ordinary pressure. Reaction time is 0.5 'to 120\hours preferably, and is 0.5 to 48 hours 
more preferably. [,,\ :^ 

[0022]As a desirable example of a polymerization solvent, aromatic hydrocarbon, such as 
benzene, toluene, and xylene. Ketone, such as acetone, methyl ethyl ketone, cyclohexanone, 
and heptanone. Ester species, such as ethyl acetate ,f acetic acid-t-butyl, acetic acid-n-butyl, 
and acetic acid-n-hexyl, Halogenated hydrocarbon, such as 1,2-dichloroethane, chloroform, 
and chlorobenzene. 1, 2-dimethoxyethane, diethylene glycol dimethyl ether, Diethylene-glycol 
ethylmethyl ether, diethylene-glycol diethylether, Aprotic polar solvents, such as ether, such as 
a tetrahydrofuran, 1,3-dioxane, and 1,4-dioxane, N.N-climethylformamide, N,N- 
dimethylacetamide, dimethyl sulfoxide, N-met6yl-2-pyrrolidone, and sulfolane, etc. can be 
mentioned. These polymerization solvents are independent, or two or more sorts can be mixed 
and used for them. t 

[0023]A metal catalyst preferably used by this inveptipn is the 4th group or the 10th group 
transition metal catalyst, and usually as the example, Cp 2 ZrCI 2 / methyl alumino KINOSAN 

(MAO), Cp 2 ZrCI 2 / methylisobutyl aluminoxane, PdCI^/MAO, nickel(acac) 2 /MAO, nickel(acac) 

2 /EtAICI 2 , nickel(acac) 2 and2H 2 0/EtAICI 2 , nickel(ae^ab) 2 /TiCI 4 , nickel(acac) 2 /BF 3 andEt 2 0, 

NiCI 2 (PPh 3 ) 2 /AICI 3 , Pd(acac) ^EtAICI , PdCf^CgHg CN) /EtAICI , PdCI 2 (CgH 5 CN) JTiCI 

a catalyst system which PdCI 2 (C 6 H 5 CN) 2 IB£y and Et^O combined, An allyl Pd ion complex 

expressed with [(eta 3 -allyl) PdX] (X=BF 4> SbR, AsF 6> PF 6 , CF 3 S0 3 " ), Although half 

titanocene which has an ether group in a cyclopentadi.enyl group of CpTiCL and CpTiCI , half 

titanocene which has an ester group in a cyclopentadjenyl group of CpTiClg, etc. can be 

mentioned, it is not limited to this. 0.01-10-mol% of concentration of a catalyst is desirable to 
reaction raw materials, and is 0.1-5-mol % more preferably. As for a polymerization reaction, it 
is preferred to carry out under inactive gas in order'to suppress inactivation of a catalyst. 
[0024]Copolymerization of the unsaturation group content alicyclic imide of this invention may 
be carried out to other unsaturation group content compounds. Poly (alicyclic olefin) which 

". '3 * • 

http://vww4.ipdl.inpit.go j^^ 9/4/2008 



JP,2002-088120,A [DETAILED DESCRIPTION] 



Page 9 of 18 



contains a repeating unit expressed with said general formula (1) by the above polymerization 
reactions can be obtained. 

[0025]As for weight average molecular weight of a poly (alicyclic olefin) constituent of this 
invention, 500-5 million are preferred, and it is 1000-1 million more preferably. As for a poly 
(alicyclic olefin) dielectric constant (1 kHz) of this invention, it is preferred that it is 2.7 or less 
and further 2.5 or less, and, as for any refractive index of parallel and a perpendicular 
direction, it is [ 1.56 or less ] preferred about a refractive index that it is 1.51 or less preferably 
from a point of a low dielectric needed. As for a double refraction factor, it is still more 
preferred that it is 0.01 or less. From a heat-resistant point needed on a process, as for 1% 
weight loss temperature (Td1), not less than 350 ** is preferred, and it is not less than 400 ** 
more preferably. Not less than 250 ** of glass' transition temperature (Tg) is preferred, and it is 
not less than 300 ** more preferably. . / 

[0026]By adding the (b) particle, the viscosity of improvement in a mechanical characteristic, 
lower-dielectric-constant-izing, and also a constituent solution can be improved to a compound 
expressed with the (a) general formula (1) in this invention, and spreading nature can be 
improved to it. 

[0027]As a particle which is an ingredient, (b) A silicaparticle, titania particles, a zirconia 
particle, Inorganic acid-ized particles and distributed gels of those, such as Seria particles, or 
fullerene particles, A carbon nanotube, polytetrafluoroethylene and polytetrafluoroethylene 
propylene copolymers, such distributed gels, etc. can be mentioned, and an improvement of 
the above-mentioned characteristic can be aimed at b^ containing at least one of the particles 
of these. As for a particle, it is preferred to carry out 1-100 weight-section addition to 
compound (a) ingredient 100 weight section, and it js 5 - 50 weight section more preferably. 
[0028]As a solvent used for a poly (alicyclic olefin) constituent which comprises a compound 
expressed with this (a) general formula (1), and the (b.) particle, Aromatic hydrocarbon, such as 
benzene, toluene, and xylene, acetone, methyl ethyl ketone, Ketone, such as cyclohexanone 
and heptanone, ethyl acetate, acetic acid-t-butyl, Ester species, such as acetic acid-n-butyl 
and acetic acid-n-hexyl, 1,2-dichloroethane, Halogenafed hydrocarbon, such as chloroform 
and chlorobenzene, 1, 2-dimethoxyethane, Diethylene glycol dimethyl ether, diethylene-glycol 
ethylmethyl ether, Diethylene-glycol diethylether, a tetrahydrofuran, 1,3-dioxane, Ether, such 
as 1,4-dioxane, N.N-dimethylformamide, Aprotic polar solvents, such as N,N- 
dimethylacetamide, dimethyl sulfoxide, N-methyl-2-pyrrplidone, and sulfolane, or these mixed 
things, and other things that poly (alicyclic olefin) of this invention dissolves can be used 
preferably. \. 

[0029]A surface-active agent may be mixed in prder to raise the wettability of poly (alicyclic 
olefin) of this invention, and a substrate if needed. 

[0030]A silane coupling agent, a titanium chelate agent, and an aluminum chelating agent can 
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be added to a poly (alicyclic olefin) varnish, or a substrate can also be pretreated in order to 
improve an adhesive property with a ground. 

[0031]Therefore, poly (alicyclic olefin) of this invention can be used very good as optics, such 
as a printed circuit board, an interlayer insulation 'film for LSI, and a clad plate of an optical 
waveguide, and also it is useful as a general insulating material. 
[0032] .' ^ 

[Example]ln order to explain this invention to details more below, an example and a 
comparative example are given and explained, but this invention is not limited by these 
examples. " : 
(Measuring method of the characteristic) ' : • 

Weight average molecular weight (Mw) was measured by polystyrene conversion using the 
measurement gel permeation chromatography (GPC) (Model510 (made by Waters)) of weight 
average molecular weight. t 

[0033]The crack was attached to the film on the measurement silicon wafer of thickness which 
produced the film, the depth of the crack was measured using sensing pin meter surfboard 
COM 1500A (made by Tokyo Seimitsu Co., Ltd.) v and the depth was made into membranous 
thickness. 

[0034]The electric capacity at 1 kHz of the measurement poly (alicyclic olefin) film of specific 
inductive capacity was measured using LCR meter 4284A Yokogawa and by Hewlett Packard 
Co., and it asked for specific inductive capacity (epDsilon) with the following formula. Epsilon=C- 

d/epsilon°andS (however, as for electric capacity (F) and d, the dielectric constant in a vacuum 

0 2 

and S of sample film thickness (m) and epsilon are[ C ] upper electrode area (m ).). 
[0035]The wavelength (633 nm) of the helium-Ne laser of measurement prism coupler 
ModelPC2010 (made by Metricon) of a refractive index is used, It measured at 20 ** by the 
prism coupler method, and asked for the double refraction factor which are a parallel refractive 
index (TE), vertical refractive indicees (TM), and those differences from the film surface. 
Measuring infrared-absorption-spectrum (IR) measurement unsaturation group content 
alicyclic imide by the KBr method, poly (alicyclic olefini)>measured as it was what produced the 
film on the silicon wafer. The measuring device used the Fourier transform infrared branch 
school photometer "FT-720" (made by Horiba,;Ltd.)f »~' 

[0036]lt dissolved in measurement solvent CDCI 3 [ ofsf nuclear magnetic resonance spectrum 

1 _ v 

( H-NMR) ], or THF-d8, and measured at 270 MHz. The measuring device used the 
superconductivity FTNMR "EX-270" (product made from JEOL Datum). 
[0037]By measurement differential scanning calorimeter DSC-50 (made by Shimadzu Corp.) of 
glass transition temperature (Tg), it measured by a part for heating-rate/of 20 ** among a 
nitrogen atmosphere. 
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[0038]Using measurement apparatus-for-thermogravimetry TGA-50 (made by Shimadzu 
Corp.) of 1% weight loss temperature (Td1), it heated by a part for heating-rate/of 10 ** among 
nitrogen, and the temperature which showed weight loss 1% was measured. 
[0039]The polymer solution which added the measurement particle of dispersion stability was 
neglected in the 23 ** room, and it was investigated whether layer separation, gelling, etc. 
would take place visually. Layer separation arid the thing to which gelling does not take place 
were made good [ dispersion stability ] among one week. 

[0040]The polymer membrane which added the particle was produced and heat-treated on the 
silicon wafer of 4 inches of scratch-proof sex test. The field which stuck the polymer membrane 
of this wafer was turned up, and the undersurface was stuck on 15 cm x 15 cm, and a 2-mrn- 
thick aluminum board by the ** agent of the epoxy system. Next, the polishing pad made from 
Rodale Press (IC-1000) was attached to the sanding machine by Hitachi, Ltd. (SV12SE), 5 ml 
of slurries by Cabot Corp. (SS-25) were dropped on, the wafer like the point, and the polishing 
pad to which 5 kg of load was applied performed (grinding treatment for 30 seconds. Then, the 
existence of the crack of the polymer membrape Qn.a Wafer was observed with the 
metallurgical microscope by NIKON CORP. .;. &l 

[0041]The reference example 1. The synthetic;endo-bicyclo[2,2,1]hept 5-ene- 2 of the 
manufacture exo-bicyclo[2,2,1]hept 5-ene- 2,3rdicarbpxylic anhydride (exo-NAJIKKU acid 
anhydride) of an exo-NAJIKKU acid anhydride; 3-dicarboxylic anhydride. (endo-NAJIKKU acid 
anhydride) Under nitrogen, at 200 **, 100 g (0.61 mol)jyvas stirred for 6 hours, and thermal 
isomerization was carried out. After cooling the reactant to 120 ** and adding 100 ml of 
toluene, when it cooled to the room temperature, the light yellow crystal deposited. The water- 
white needle crystal was obtained by recrystalljzing this crystal with toluene. By filtration, the 
crystal was separated, it dried under decompression and 32.83g of the target compounds were 

A- 

obtained. It identified being an object compound from, * H-NMR ( drawing 1) and IR ( drawing 2). 
[0042]melting point: - 143-144 ** infrared-absorptidn4pectrum: - 1 860-1 778-cm" 1 (above 
C=0) and 1 21 8 or 91 3-cm* 1 (above C-O) & ^ 

1 H-NMR:(CDCI 3 , ppm):6.34 (s, 2H, CH=CH), 3.45 Js^H, CH), 3.01 (s, 2H, CH), 1.56 (d-d, 2H, 

ch 2 ) I r I 

It dissolved heating 2 g (0.01 1 mol) of manufacture palladium(ll) chlorides of reference 
example 2 palladium complex to 5 ml of chloride (36%), and 150 ml of after-cooling ethanol 
was added. After filtering this reaction mixture^when 2.31 g (0.025 mol) of 2 and 5- 
norbornadiene was added to filtrate, the yellow solid deposited. Filtration separated the solid, it 
dried under decompression, and 3.07 g of bicyclo[2, 2",' 1]heptadiene palladiumchloride was 
obtained. 

[0043]35 ml of methanol is added to 2.62 g (0.0097; mol) of this bicyclo[2, 2, 1]heptadiene 

i' & 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_'ejje?at^3=http% 9/4/2008 



JP,2002-088120,A [DETAILED DESCRIPTION] 



Page 12 of 18 



palladiumchloride, and 0.88 g (0.0083 mol) of sodium carbonate, and it agitated for 2 hours 
and was made to react at a room temperature under nitrogen. When filtration separated 
reaction mixture and it dried under decompression, the bicyclo[2, 2, 1]heptadiene 
palladiumchloride dimer 2.57g was obtained as light yellow powder. 
[0044]After dissolving this bicyclo[2, 2, 1]heptadiene palladiumchloride dimer in 
chlorobenzene, the silver tetrafluoroborate of 1.6 equivalent weight was added, it agitated at 
the room temperature for 15 minutes, and the solution of the palladium complex made into the 
purpose was obtained. This solution was used as a polymerization catalyst of unsaturation 
group content alicyclic imide. 

[0045]The reference example 3. The manufacture N-{3,5-screw of NAJIIMIDO A. 
(Trifluoromethyl) The synthetic exo-bicyclo[2,2,1]hept 5-ene- 2,3-dicarboxylic anhydride 6.85g 
(0.04 mol) of phenyl} bicyclo[2,2,1]hept 5-ene- 2,3-dicarboxyimide was dissolved in 34 ml (20 
w/v) of glacial acetic acid. 10.19 g (0.04 mol) of 3,5-bis(trifluoromethyl)aniline is dropped at this 
solution, and it stirred for 8 hours and was made to react at 120 ** under nitrogen. After cooling 
reaction mixture, when flowed into 600 ml of water, the light yellow crystal deposited. The 
water-white needle crystal was obtained by recrystallizing this crystal with ethyl acetate. By 
filtration, the crystal was separated, it dried under decompression and 1 1 .62g of the target 
compounds were obtained. It identified being an object compound from 1 H-NMR ( drawing 3) 
and IR ( drawing 4). 

[0046]melting point: - 128-129 ** infrared-absorption-spectrum: -- 31 16-3074, 2962 or 2892- 
cm" 1 (above CH), and 1709-cm" 1 (above C=0 (imide)) 

1 H-NMR:(CDCI 3 , ppm):7.89 (s, 1H, Ar-H), 7.85 (s v 2H/Ar-H), 6.38 (t, 2H, CH=CH), 3.44 (s, 2H, 
CH), 2.91 (s, 2H, CH), 1 .57 (d-d, 2H, CH 2 ). ^ V 

[0047]Reference example 4 the synthetic exo-bicyelo[2,2,1]hept 5-ene- 2 of manufacture N-(4- 
trifluoro methylphenyl) bicyclo[2,2,1]hept 5-ene- 2,3-dicarboxyimide of NAJIIMIDO B, and the 
3-dicarboxylic anhydride 9.26g (0.06 mol). It dissolved.in 46 ml (20 w/v) of glacial acetic acid. 
10 g (0.06 mol) of 4-trifluoro methylaniline is dropped at this solution, and it stirred for 8 hours 
and was made to react at 120 ** under nitrogen. After' cooling reaction mixture, when flowed 
into 600 ml of water, the light yellow crystal deposited; The water-white needle crystal was 
obtained by recrystallizing this crystal with ethyl acetate. By filtration, the crystal was 
separated, it dried under decompression and 13.12g of the target compounds were obtained. It 

identified being an object compound from H-NMR ( drawing 5 ) and IR ( drawing 6). 
[0048]melting point: - 202-204 ** infrared-absorption-spectrum: « 3112-3081, 2989 or 2888- 

cm" 1 (above CH), and 1708-cm" 1 (above C=0 (imide)) 

1 H-NMR:(CDCI 3 , ppm):7.59 (d-d, 4H, Ar-H), 6.37 (t, 2H, CH=CH), 3.43 (s, 2H, CH), 2.89 (s, 

» /*'*•— 
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2H,CH), 1.56 (d-d, 2H,CH 2 ). " 

[0049]The reference example 5. The synthetic exo-bicyclo[2,2,1]hept 5-ene- 2 of manufacture 
N-[3-trifluoromethyl 4-{3,5-bis(trifluoromethyl)phenoxy] bicyclo[2,2,1]hept 5-ene- 2,3- 
dicarboxyimide of NAJIIMIDO C, The 3-dicarboxylic anhydride 5.75g (0.04 mol) was dissolved 
in 29 ml (20 w/v) of glacial acetic acid. 15 g (0.04 mol) of 3-trifluoromethyl 4-{3,5-bis 
(trifluoromethyl)phenoxy) aniline is dropped at this solution, and it stirred for 8 hours and was 
made to react at 120 ** under nitrogen. After cooling reaction mixture, when flowed into 600 ml 
of water, the light yellow crystal deposited. The water-white needle crystal was obtained by 
recrystallizing this crystal with ethyl acetate. By filtration, the crystal was separated, it dried 
under decompression and 13.61g of the target compounds were obtained. It identified being 

an object compound from 1 H-NMR ( drawing 7) and IR ( drawing 8 ). 

[0050]melting point: - 176-178 ** infrared-absorption-spectrum: 3108-3074, 2993 or 2889- 
cm" 1 (above CH), and 1705-cm" 1 (above C=0 (imide)) 

1 H-NMR:(CDCI 3 , ppm):7.07-7.73 (m, 6H, Ar-H), 6.38^, 2H, CH=CH), 3.44 (s, 2H, CH), 2.91 
(s, 2H, CH), 1 .57 (d-d, 2H, CH 2 ). ; 

[0051]Reference example 6 the synthetic exo-bicyclo[2.2.1]hept 5-ene- 2 of synthetic N-(3,5- 
dimethylphenyl) bicyclo[2.2.1]hept 5-ene- 2,3-dicarboxyimide of NAJIIMIDO D, and the 3- 
dicarboxylic anhydride 5.75g (0.04 mol). It dissolved in^29 ml (20 w/v) of glacial acetic acid. 
4.84 g (0.04 mol) of 3,5-dimethylaniline is dropped./atthis solution, and it stirred for 8 hours and 
was made to react at 120 ** under nitrogen. After cooling reaction mixture, when flowed into 
600 ml of water, the light yellow crystal deposited: The water-white needle crystal was 
obtained by recrystallizing this crystal with ethyl acetate. By filtration, the crystal was 
separated, it dried under decompression and 9g of the target compounds were obtained. It 

identified being an object compound from H-NMR and IR. 

[0052]melting point: -- 158-160 ** infrared-absorption-spectrum: 3079-2987, 2917 or 2875- 
cm" 1 (above CH), and 1 774-1 702-cm" 1 (above C=0 (imide)) 

1 H-NMR:(CDCL, ppm):6.99 (s, 1H, Ar-H), 6.83 (s, 2H, Ar-H), 6.34 (s, 2H, CH=CH), 3.40 (s, 

2H, CH), 2.84 (s, 2H, CH), 2.33 (s, 6H, Ar-CH 3 ), 1.58 (d-d, 2H, CH 2 ). 

[0053]Example 1 NAJIIMIDO A3.64g (0.0097 mol) obtained by the reference example 3 was 
added to 40.5 ml of chlorobenzene solutions of the palladium complex obtained by the 
reference example 2, and it was made to react to thenvat a room temperature under synthetic 
nitrogen of the polymer A for 36 hours. After it filteredrthis reaction mixture and NMP, water, 
and methanol washed the solid, it dried under decompression and the polymer A was 

obtained. The yield was 1.61g. Weight average molecular weight (Mw) was 39000. The 1 H- 

» . 

■ V . 
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NMR spectrum (THF-d8, ppm) of this polymer A is shown in drawing 9 , and an infrared 
absorption spectrum is shown in drawing 10 . " 

[0054]The above-mentioned polymer A1g was dissolved in 3 g of 2-heptanone. This solution 
was filtered using the filter made of tetrafluoroethylene resin by Sumitomo Electric Industries, 
Ltd. (pore size 2micrometer). Next, carry out sfrn cSdting of this solution on [ of 6x6 cm ] an Al 
substrate and a silicon wafer, and subsequently, TnV transparent film was obtained by carrying 
out predrying at 80 ** for 3 minutes using a hot plate '(product SKW[ made from Great Japan 
Screen ]-636), and drying at 250 ** at 140 ** for 1 hour for 0.5 hour using oven (Koyo Lindberg 
inert oven) further. Then, on this polymer membrane formed on the Al substrate, the mask was 

carried out, vacuum deposition of the aluminum was carried out, the upper electrode was 

i* 

formed, and it was considered as the specific-inductive-capacity (epsilon) test portion. As a 
result of measuring the dielectric constant of the sample, it was epsilon= 2.36 and was a low 
value. 

[0055]Next, the refractive index was measured using the polymer membrane formed on glass. 
As a result, TE=1.4846, TM=1.4812, and the double refraction factor of a refractive index are 
0.0034. 

It became a value with small refractive index and dpujpie refraction factor. 

[0056]Glass transition temperature was not detected to 400 **, but 1% weight loss temperature 
was 420 **. The viscosity stability of this polyrnensolution was good. The crack was observed 
in the scratch-proof sex test of polymer membrane: 4 > 

[0057]Example 2 NAJIIMIDO B6g (0.0195 mol) obtained by the reference example 4 was 
added to 81 ml of chlorobenzene solutions of the palladium complex obtained by the reference 
example 2, and it was made to react to them at a room temperature under synthetic nitrogen of 
the polymer B for 36 hours. After it filtered this reaction mixture and NMP, water, and methanol 
washed the solid, it dried under decompression and the solid of the polymer B was obtained. 

The yield was 4.66g. Weight average molecular weight (Mw) was 19000. 

.1 -1 
[0058] Infrared absorption spectrum: 3116-3074, 2958 or 2896-cm (above CH), 1712-cm 

(above C=0 (imide)) • 

1 H-NMR:(THF-d8, ppm):7.65-7.95 (m, 4H, Ar-H), 1.35-4.00 (m, 8H, norbornene H). 
[0059]The test portion was created like Example 1*e*cept having changed into AB1 g of the 
above-mentioned polymer. As a result of measuririg'the specific inductive capacity of the 
sample, TE=1 .5021 , TM=1 .4985, and the double refraction factor of epsilon= 2.50 and a 
refractive index were 0.0036. Glass transition temperature was not detected to 400 **, but 1% 
weight loss temperature was 1= 443 ** of Td(s). The viscosity stability of this polymer solution 
was good. The crack was observed in the scratch-proof sex test of polymer membrane. 
[0060]Example 3 NAJIIMIDO C6g (0.0112 mol) obtained by the reference example 5 was 
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added to 47 ml of chlorobenzene solutions of the palladium complex obtained by the reference 
example 2, and it was made to react to them at a room temperature under synthetic nitrogen of 
the polymer C for 36 hours. 300 ml of methanol was filled with this reaction mixture, after 
filtering the sludge and dissociating, it dried under decompression and the polymer C was 
obtained. The yield was 4.03g. Weight average molecular weight (Mw) was 22000. 

[0061]lnfrared absorption spectrum: 3108-3081, 2962 or 2897-cm" 1 (above CH), 1716-cm" 1 
(above C=0 (imide)) u * ^ 

1 H-NMR:(THF-d8, ppm):6.80-7.95 (m, 6H, Ar-H), 1.25-4.40 (m, 8H, norbornene H). 
[0062]The test portion was created like Example Ivexeept having changed the polymer A of 
Example 1 into the above-mentioned polymer C1g. As a result of measuring the specific 
inductive capacity of the sample, TE=1.5099, TM=1.5065, and the double refraction factor of 
epsilon= 2.32 and a refractive index were 0.0034. Glass transition temperature was not 
detected to 400 **, but 1% weight loss temperature was 1= 413 ** of Td(s). The viscosity 
stability of this polymer solution was good. The crackiwas observed in the scratch-proof sex 
test of polymer membrane. 1 ; " 

[0063]Example 4 NAJIIMIDO D6g (0.049 mol) obtained by the reference example 6 was added 
to 47 ml of chlorobenzene solutions of the palladium complex obtained by the reference 
example 2, and it was made to react to them at a roonvtemperature under synthetic nitrogen of 
the polymer D for 36 hours. 300 ml of methanol was filled with this reaction mixture, after 
filtering the sludge and dissociating, it dried under decompression and the polymer D was 
obtained. The yield was 3.03g. Weight average molecular weight (Mw) was 55000. 

[0064]lnfrared absorption spectrum: 3008-2956, 2921 or 2890-cm" 1 (above CH), 1774 or 1704- 

cm (above C=0 (imide)) 

1 H-NMR:(THF-d8, ppm):6.86 (br.s, 3H, Ar-H), 2.16 (brs, 6H, Ar-CH 3 ), 1.00-4.40 (m, 8H, 
norbornene H). 

[0065]The test portion was created like Example 1 except having changed the polymer A of 
Example 1 into the above-mentioned polymer Dig.' As a result of measuring the specific 
inductive capacity of the sample, TE=1.5646, TM=t v 5607, and the double refraction factor of 
epsilon= 2.65 and a refractive index were 0.0039. Glass transition temperature was not 
detected to 400 **, but 1% weight loss temperature was 1= 430 ** of Td(s). The viscosity 
stability of this polymer solution was good. The crack was observed in the scratch-proof sex 
test of polymer membrane. 

[0066]The polymer A1g of example 5 Example 1 waVdissolved in 3 g of 2-heptanone. 0.2 g of 
polytetrafluoroethylene polypropylene copolymer water dispersed sol ("poly chlorofluocarbon 
FEPby Daikin Industries, LTD.") is added to this solution (addition 20 weight section of the 
particle to polymer 100 weight section), It agitated at 30 ** for 2 hours, and evaluated using the 
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polymer solution filtered using the filter made of tetrafjuoroethylene resin by Sumitomo Electric 
Industries, Ltd. (pore size 2micrometer). *■ ^ 

[0067]The transparent film was obtained like Example '1 using this polymer solution, and the 
specific-inductive-capacity (epsilon) test portion was obtained. As a result of measuring the 
dielectric constant of the sample, it was epsilo.n= 2:21- and glass transition temperature was 
not detected to 400 **, but 1% weight loss temperature was 420 **. The dispersion stability of 
this polymer solution was good. At the scratch-proof sex test of polymer membrane, the crack 
was not satisfactorily observed after the examination. 

[0068]As example 6 particle, instead of [ of polytetrafluoroethylene polypropylene copolymer 
water dispersed sol ] -- silica - it carried out like Example 5 except having used 0.2 g (addition 
20 weight section of the particle to polymer 100 weight section) of NMP dispersion liquid 
(Catalyst Chemical Industry "Oscal"NP-45) of sol. ^. 

[0069]As a result of measuring a dielectric constant; it was epsilon= 2.32, and glass transition 
temperature was not detected to 400 **, but 1% weight loss temperature was 450 **. The 
dispersion stability of this polymer solution was good; At the scratch-proof sex test of polymer 
membrane, the crack was not satisfactorily observed *after the examination. 
[0070]As example 7 particle, Except having used 6:2-(g (addition 20 weight section of the 
particle to polymer 100 weight section) of zirconia particle sol (Toray Industries, Inc. make 
"TORESERAMU" thing which distributed 2.7 g in NMP3.3g) instead of polytetrafluoroethylene 
polypropylene copolymer water dispersed sol, It carried out like Example 5. 
[0071 ]As a result of measuring a dielectric constant, it.was epsilon= 2.34, and glass transition 
temperature was not detected to 400 **, but 1% weight loss temperature was 445 **. The 
dispersion stability of this polymer solution was good/At the scratch-proof sex test of polymer 
membrane, the crack was not satisfactorily observed after the examination. 
[0072]As example 8 particle, They are 0.2g (to polymer 100 weight section.) of water 
dispersions (Daikin Industries, LTD. make" poly chlorpfluocarbon TEF dispersion") of the 
particles of polytetrafluoroethylene resin instead of polytetrafluoroethylene polypropylene 
copolymer water dispersed sol. It carried out like Exarpple 5 except having used addition 20 
weight section of the receiving particle. • r 

[0073]As a result of measuring a dielectric constant, : it was epsilon= 2.15, and glass transition 
temperature was not detected to 400 **, but 1% weighj loss temperature was 430 **. The 
dispersion stability of this polymer solution was gooc]. 0 At the scratch-proof sex test of polymer 
membrane, the crack was not satisfactorily observed after the examination. 
[0074]As example 9 particle, Instead of polytetrafluoroethylene polypropylene copolymer water 
dispersed sol, 0.2g of water dispersions (Daikin Industries, LTD. make" neo chlorofluocarbon 
FEP dispersion") of polytetrafluoroethylene hexafluoropropane copolymer particles. It carried 
out like Example 5 except having used (addition 20 weight section of the particle to polymer 
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1 00 weight section). ; r /' 

[0075]As a result of measuring a dielectric constant, it was epsilon= 2.24, and glass transition 
temperature was not detected to 400 **, but T-% wfeight loss temperature was 430 **. 
[0076]The dispersion stability of this polymer solution was good. At the scratch-proof sex test 
of polymer membrane, the crack was not satisfactorily observed after the examination. 
[0077]Comparative example 1 The manufacture exo-bicyclo[2,2,1]hept 5-ene- 2,3-dicarboxylic 
anhydride 6.85g (0.04 mol) of the polymer E was dissolved in 34 ml (20 w/v) of glacial acetic 
acid. 3.73 g (0.04 mol) of aniline is dropped at this solution, and it stirred for 8 hours and was 
made to react at 120 ** under nitrogen. After cooling reaction mixture, when flowed into 600 ml 
of water, the light yellow crystal deposited. The water-white needle crystal was obtained by 
recrystallizing this crystal with ethyl acetate. By filtration, the crystal was separated, it dried under 
decompression and NAJIIMIDO E7.62g was obtained.- 

[0078]Next, said NAJIIMIDO E2.39g (0.01 mol) was added to 41 .6 ml of chlorobenzene 
solutions of the palladium complex obtained by the reference example 2, and it was made to 
react to them at a room temperature under nitrogen for 36 hours. After it filtered this reaction 
mixture and NMP, water, and methanol washed the solid, it dried under decompression and 
the polymer D was obtained. The yield was 1.24g. Weight average molecular weight (Mw) was 
32000. r? 

[0079]The test portion was created like Example 1 except having changed the polymer A of 
Example 1 into the above-mentioned polymer : E1g. As a result of measuring the specific 
inductive capacity of the sample, TE=1.5783, TM=1.5742, and the double refraction factor of 
epsilon= 2.76 and a refractive index were 0.0041. Glass transition temperature was 350 ** and 
1 % weight loss temperature was 1 = 400 ** of Td(s) ;n u . 

[0080]The viscosity stability of this polymer solution was good. The crack was observed in the 
scratch-proof sex test of polymer membrane. . 
[0081] ; ~ 'J 
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[0082] ' ' -' 

[Effect of the lnvention]Poly (alicyclic olefin) of this invention is excellent in a lower dielectric 
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constant, heat resistance, the low refractive index, the low double refraction factor, and the 
mechanical characteristic. 

It can be used very good as optics, such as a printed circuit board, an interlayer insulation film 
for LSI, and a clad plate of an optical waveguide, etc. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. , , 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 0 " v 

[Claim 1]An insulator layer or an optic using poly (alicyclic olefin), wherein weight average 
molecular weight including a repeating unit of structure expressed with a general formula (1) is 
500-5 million. 
[Formula 1] 




(In a general formula (1), I is an integer with which 1-2m, n, and o show the integer of 0-5, and 
m+n>=1 is filled.) X shows SOdirect coupling or O, S, CH 2 , CO, SO, or 2 - R 1 - R 4 show H, F, 
CF„, the alkyl group of the carbon numbers 1-10, or aryl group of the carbon numbers 6-20, 

may be the same or may differ. R 5 and R 6 show the alkyl group of H or the carbon numbers 1- 

7 8 ' 

10, may be the same or may differ. R and R show F, CF 3> OCF 3 , the alkyl group of the 

carbon numbers 1-10, or aryl group of the carbon numbers 6-20, may be the same or may 
differ. 

[Claim 2]Poly, wherein weight average molecular weight including a repeating unit of structure 
expressed with a general formula (1) is 500-5 million (alicyclic olefin). In a general formula (1), I 
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is an integer with which 1-2m, n, and o show an integer of 0-5, and m+n>=1 is filled. X shows 
SOdirect coupling or O, S, CH 2> CO, SO, or r R 1 - R 4 show H, F, CF 3 , an alkyl group of the 
carbon numbers 1-10, or an aryl group of the carbon numbers 6-20, may be the same or may 
differ. R 5 and R 6 show an alkyl group of H or the carbon numbers 1-10, may be the same or 
may differ. R 7 and R 8 show either of the aryl groups of F, CF 3> OCF 3 , and the carbon numbers 
6-20, may be the same or may differ. * .u . 

7 8 

[Claim 3]The poly according to claim 2, wherein at least one of R and the R is CF g (alicyclic 
olefin). 

[Claim 4]The poly according to claim 2 characterized by the following (alicyclic olefin). 
A compound expressed with a general formula (1). 
Weight average molecular weight is 1000-1 million. 

[Claim 5]A poly (alicyclic olefin) constituent comprising: 

(a) The poly according to claim 2 (alicyclic olefin). 

(b) A particle. .. ? 

[Claim 6]A particle (b) A silica particle, titania particles, a zirconia particle, Seria particles, 
Fullerene particles, a carbon nanotube, polytetrafluorbethylene, the poly (alicyclic olefin) 
constituent according to claim 5, wherein at least one*is chosen from a polytetrafluoroethylene 
propylene copolymer.. 

[Claim 7](b) The poly (alicyclic olefin) constituent according to claim 5 in which an addition of a 
particle is characterized by being 1-100 weight section to (a) poly (alicyclic olefin) 100 weight 
section. 



[Translation done.] 
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xXx/Hi, l, *pp*;I/A, 

;K i^xf uy^V 3-;Hf/Mf-;Vx- r;k '7x 
f l/V-y 'J 3-/!/i/'xf ;H-f fh7t Kn77 
X 1. 3-5>**tfy, 1. 

■r/WS, N. N-S>*?-/l/3M/.k7SK, N, 20 
*-7l/7-teh7SF, $>*^;I/X;l/**->h\ N-*tVV 
— 2 — bfpy h'y, X)V*7>m<0lE7u h yftgsftfc 

[0018] *m*X'm^t\ttm&ttmwm 
mimvmmtLTit, e**p [2. 2. 1] ^7 
h-5-x>-2, 3—yt»v$>mm7m, 2. 3- 

•7*?-;l/-e*>*p [2. 2. 1] '\7>-5-x:/- 

2. 3-^A;l/40K^7j<^ 7-77l/*P-e>'*P 30 
[2, 2, 1] ^h-5-iy-2, 3-^*;l/J}?^ 
MWkVo, 7, 7— 777V*p-e$/*p [2. 2, 
1] ^h-5-xy-2, 3-^#7i/#y&&7j<%i, 

5, 6-^7;l/*D-tTi/^D [2. 2, 1] ^7h- 
5-xy-2, 3-^A;U^y^it7k^ 5, 6, 7. 
7, -xh^/l^P-e^p [2. 2. 1] ^\7h 
- 5 -X>- 2 . 3 -i?iu\>XVW!m>Ml!. 7-hV7 
)\t*u*=f-)\,-\Zy>?u [2, 2, 1] ^71 — 5-x 

y-z, 3-iSt:>i*>wmfrVB, i, 7 -ex (hU 

7/l/*n;*?-/l/) -e->*P [2, 2, 1] 40 
-xy-2. 3-^*/l/Jp>K^7j<«!I, 5, 6-kTT. 

(h»J7;M-a>t?-/W -e->*p [2, 2, 1] ^\7 

h-5-xy-2. 3-i?*fr$ymm7m!. 5. 6, 

7. 7, -fh7+x (hU7;l/*a^7 c ;W -es/* 

P [2. 2, 1] '\7h-5-xy-2. 3— 7*7l/# 
>I$87W&, 7-^^-e->^a [2. 2. 1] ^7 
h-5— x^-2. 3—7*7l/#y&fct7Mfc, 7. 7- 
-7;* e->*P [2. 2. l] ^7h-5-xv- 
2, 3-^A;]/^yHM7j<^ 5, 6-9*f-fr-\ZS/ 
*P [2, 2, 1] 'V/h-5-xy-2. 3-'7#7l/ 50 
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$ymu*.m. 5. 6, 7. 7-ff77;f;v-^ 

P [2, 2, 1] ^7h-5-XV-2, 3— 7*7l/# 
y&&7M«J, 7-xf-;l/-e**P [2, 2. 1] ^7 
h-5-xy-2, 3-^*;V#>IBtekfe, 7, 7- 
-7x?-;l/-ei/*p [2. 2, 1] ^s7h-5-x^- 
2. 3-5>*;i/#>«Jfc*ik 5. 6-iSx*i\,-\>*/ 
*P [2, 2, 1] ^7h- 5 -xy-2, 3-Sob;l/ 
5. 6, 7. 7-rh7Xf-;V-tT^ 
P [2. 2. 1] '\7h-5-xv-2, 3— 7*;l/# 
7&&7M&, 7-^^P^^-e^^P [2, 2, 

1] ^7h-5-x>-2. 3 -istuixymmfrfa 

7. 7— 7v'*P'\*^;l/-e>'*P [2. 2. 1] *\ 
7h-5-x>-2, 3-^id^#>MbMfe. 7-7 
x-;l/-e->^P [2, 2, 1] -s7h-5-xy- 
2. 3—y*}VXymM7l<M. 7; 7-^7xX;l/-e 
S/*P [2, 2. 1] ^7h-5-X^-2, 3—7* 

[2, 2. i] ^7h-5-x^-2, 3— ytui^y 

5. 6— 777l/*P-7. 7->7xX;V- 
fcTv'i'P [2, 2, 1] '\7h-5-XV-2, 3—7 
*^#>Wtek»» 5. 6-5>*?-7l/-7. 7— 77x 
x;l/-ei/*a [2, 2. l] ^7h-5-xy-2. 

3-^ijji^ywm^m. 5. 6 -ex (M)7/i/*n 

-7. 7-^71X^-^0 [2, 2. 
1] ^7h-5-x>-2. 3-'Ji3)^ymMiYm. 
\L*/*?U [2, 2, 2] *»h-5-X^-2, 3-i7 
e->*P [2, 2, 2] **h-5 
-X^-2. 3-S?*/V*y|BtoWlk 7, 8—7771/ 
*P-eS/*P [2. 2, 2] *7h-5-Xi/-2, 
3-^*H/#yWlR*tt» 7, 7, 8, 8-xhv77l/ 
^•P-e^^P [2, 2, 2] tf*h-5-x:x-2. 
3-i ^*;l/#>WteWft, 5, 6-: ^77l/*P-e->* 
P [2, 2, 2] **}--5-X^-2, 3— 7*7l/# 
>BM83!fc», 5, 6, 7, 7, 8. 8-^-9-771/^-P 
-fcTi/*P [2, 2, 2] *^h-5-x>-2. 3- 

ittijvxymmm. i, 8 -ex (hU77v*p^^ 

70 -Mi/'pu [2, 2, 2] ^h-5-lV-2, 
3—7*7l>2p>16M7j<^ 7, 7. 8. 8— rh7*X 
(hU77l/*PP<f-7W -e>>^P [2, 2, 2] 

h-5-xy-2, 3 VbfrXylmtiWa, 5, 6- 
ex (hy7;i/^P7«^;i/) -e^p [2. 2. 2] 
^h-5-xy-2, S-Stori/sto/Mfclctt, 5, 
6, 7, 7, 8. 8 >^1t+X (hU77l/^P7<^ 

;u) -ee/^p [2. 2. 2] ^h-5-xy-2, 

3-^ ^*7l/#^iU8*«B, 7, 8-^^^7l/-ee/^P 
[2. 2. 2] ^b-5-xy-2, 3— 7*;I/#> 

R&Mfe. 7, 7, 8, 8-r h^^f-7V-ei/^P 
[2, 2. 2] ^-^h-5-X>-2, 3—7*;l/*> 

WRUMIk 5, 6— 7^^-e->^P [2. 2, 2] 

**h-5-x;/-2, 3-^*7V^>^7kfi!I, 5, 
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6, 7. 7. 8. 8-"v*"**f-;l'-l£J'*n C2. 
2, 2] *7h-5-x>-2, 3-^#/W^&ifck 
Hk 7, 8-v?x^;l/-e->7P [2. 2, 2] *7 h 
-5-x>-2. 3-V*»l>$y8M7m. 7, 7. 
8. 8-rh7Xf/l/-l£v/^n [2. 2, 2] *7h 
-5-XV-2, 3-^*/P#y«tek«, 5. 6—7 
xf-;l/-e$/^D [2, 2, 2] h-5-xy- 
2. 3 — 727/l/#>&&7M$J, 5. 6. 7, 7, 8. 8 
— k *"0-X*-/l/-tf->*a [2, 2. 2] *7b-5- 
xy-2, 3-^*;U#>W*zk», 7, 8 —75/7 p io 
'v*^;l/-tr->*n [2, 2. 2] *7h-5-x>- 
2, 3 — 7*;l/#>&&7M$k 7, 8-5>7xX/l/-e 
*77P [2, 2, 2] *7h-5-Xi/-2. 3-*7* 
/MSVIM***, 5, 6— 77/1^-7. 8-i^7i 
x;P-es/*p [2, 2, 2] *^h-5-xy-2, 
3-^*/Kyilt*i, 5. 6-*7*77V-7. 8- 
~77xX/l/-e-77P [2. 2, 2]^h-5-x> 

-2, 3-^*;i/^y^M*^> 5. 6-ex (h;7 

/l/*n^^;V) -7, 8-y7xx;l/-e*77P [2. 

2. 2] *7h-5-x>-2, 3 — 7#;l/#V&&7.k 20 

coo 1 9] ^s^tsag^iisiss^M^LT 

tt, it&*®gp<D£{*ffi1Itf e x o 

e n d o -ffrpfc* CkJ:t). ^g&fflg#Wfli3fi£&& 

[0 0 2 0] *«WTfflV'»6n*5fSfll7 , S^fb^«<!> 
JUMIfct/Oi* 2-hV7)\>*U*?-tVT-VZ'. 3 
-H;7;l/*p*?-/l/7xy^ % 4-MJ7/W-P;*? 1 
/PTx'Jy, 2. 3-ex (h»;7/W-a**7W 7x 30 

2, 4-ex (hU7;P*np(^;l/) 7x'jy, 
2. 5-ex (HJ7;l/*a**;W rx'JX 2. 6 

-ex (h'j7^*o^^;v) rxijy, 3, 4 -ex 

(H>7/Wfrn**7l0 7xux 3. 5-ex ihV 
7^*n^f-;l/) 7XUV, 2. 4, 6-h'JX (hU 
7;1/*p*?-;1/) 7x'J>, 2. 3, 4, 5. 6-^> 
**X (MJ7/W*u>i*;lO 7xyy, 2-7;l/*P 
-3-h>J7;I/^-o7xiJx 2-7/l>*n-4-l»y 
7/l/*a7x"JX 2-77l/*n-5-hU7;l/^a7 
-'JX 3-7;V*n-4-hU7;P*n7x»;x 3 40 
-7Wn-5-h'J7Ma7xy^ 2-*^;l/- 
3-HU77l'*n7xU>, 2 -*=J-h- 4 - h U 
*D7xiJX 2-^f;l/-5-h';7;I/*D7Xij 

3-^f/l/-4-b'J7;l/*D7xiJX 3-*? 
J]s-5-h*J7i\'*u7-V>, 2-7iX/l/-3-h 
'J7;Wd7-'JX 2-7ix;I/-4-h>J7Ma 
2-7ix;V-5-h'J7/^a7xijy, 
3-7xX7l/-4-hU7;l/*n7x>JX 3-7x- 
;l/-5-h>J7;l/*n7xy> > 2- (3-hU7;l/* 
□ ^f;l/7ix;W 7XUX 3- (.3-hV7J\>*n 50 
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*?-;l>7xx;t/) 7-W. 4- (3- h y7;l/*P* 
^l/7ix;W 7X»J7> 2-[3. 4-ex(FU:7 
jltuyt^-jV) 7x-M7-V>, 3 -[3. 4-ex 
(hU7;W*Pp<f-;W 7xx;l/]7x'JX 4-[3, 

4- ex (h»j7/M-n 7xx;l/]7xUX 
2-[2. 4-ex (hV7>l*u*?M 7x/*v0 
7X'JX 3-[2. 4-ex (.hV7)l*U*=f->\,) 
7x7**7]7xyy, 4-[2, 4-fcTX (hy7JW" 
n*fvW 7x7**7]7xyx 2-[3, 4-tT7 

( h y 7/M- o * 7x7 *i>a 7x y >\ 3 - 
[3. 4-ex (hU7/l/*p^;l/) 7x/*->]7x 
»JX 4-[3, 4-eX {\>V7fr*U*f-M 7x 
/*5/]7xiJ>, 2-[3, 5-ex (hy7;V^Py 
7i/^]7xVX 3 — [3. 5-ex (h>j 
7;i/^-p^^;i/) 7x/*>']7xyv> 4 -[3, 5- 

ex (h';7;l/*P^^;l/) 7x7*'7]7xUx 
2. 4-tT7[3. 5-ex (hU7;U*Pp<^;l/) 7 
i/*->]7X'J^ 2, 3-ex[3, 5-ex (hy 

?)\s*u*=f-)V) 7i/*i/]7x';v, 2. 6-ex 

[3. 5-ex (FU77l/*P^^) 7x/^i/]7x 
•jy, 3, 4-ex[3, 5-tTX (hU7;U*Pyf- 
;V) 7x7*i/]7xijy, 3, 5-ex[3, 5-ex 
(hy7;M"P 7xy^>]7xiJ>, 2. 

4. 6-hUX[3, 5 -ex (h';7;l/*P^f-;l/) 
7x/*i/|7xy>\ 2-7)V*U-4-[3, 5-e 
7 (Ky7;l/*P^^-;l/) 7x7*->]7xy>\ 3- 

7/i/*p-4-[3, 5 -ex (HJ7JM'D;t*/i>) 

7x;^]7x'JX 2. 5—77;l/*P-4-[3, 

5 - ex <HJ7;M-D*?-/l/) 7x/^>]7xy 
2, 6-v ? 7;l'^P-4-[3, 5-ex (HJ7 

>\,*U 7x74-7]7xy>\ 3, 5-77/1/ 
*P-4-[3, 5-ex iYV7)l*u*=f-)\,) 7x 

;*f]7='jy, 2-hy7;u*pp<^;i'-4-[3, 

5-ex (hU7;l/*P 7x7*i/)7x<J 

x 3-hy7;i/^P^^-;i/-4-[3, 5-ex (h 

iJ7;l/ta^f;l/) 7x/*i/]7xVX 2, 5-e 
x (hy7;l/*P^f-;l/) -4-[3, 5-ex (M) 
7;l/*P^f-;l/) 7x/*->]7x'Jx 2, 6-ex 
(h'J7/l/*n^f;V) -4-[3. 5-ex(HJ7 

Artutw) 7x;^]7xi;x 3. 5-ex 

(hV 7 fr*U -4-[3, 5-ex dhV7 
;Wn^f;W 7x/*i/]7xyx 2-[3, 5-e 
X (h';7;u^p^^;l/) iyi?M7-V>, 3- 
[3. 5-ex (hy7;v*p^^;i/) ^y-7;H7xu 
X 4-[3, 5-ex (hy7;U*P^f-;l/) 
;l/]7xy>, 2. 4-ex[3, 5-ex (hy7/W" 
p^^;l-) ^>"7;W7xijx 2, 6-ex[3, 5- 
ex (h'J7;l'tD^f/l/) ^>-7;H7xijx 3. 
5-ex[3, 5-ex (h'J7;i/*p^^-;V) 
;H7x'JX 2. 4, 6-h;x[3. 5-ex (hU 
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4 -[3. 5 -ex (hU7;l/^a^^;V) ^^»]7 
^.'jy, 3-7/l/*P-4-[3, 5 — ex (h'J7;l/ 
*p*?-rt/) "OJJ/WT— US', 2, 5-5>7;l/*u 
-4-[3. 5 -ex (hy7;l/*P*?-;W ^y'JiV\ 

2, 6— 77>l/*P-4-[3, 5-ex 
(hU7;l/*n ^y->Vl/]7~y^> 3. 5- 
-77;1/*p-4-[3. 5-ex (hU7**n^*- 

'Sy^HT-'JX 2-h';7;V*n^f-;l/-4 
-[3. 5-ex (hy7/W-n**7W "Sy-7/107- 10 
yy, 3-h';7;i/*a^^;i/-4-[3, 5-ex 

(hU7;P*n^ *■;!/) ^^>7;l/]7-U>'s 2. 5- 
ex (HJ7;M-p*^;l/) -4-[3. 5-ex (h 
'J7Mn^f;W ^>5?;l/]7-U>, 2. 6-ex 

(hU7;l/*n^f-;W -4-[3. 5-ex (h'J7 
;l«J- p ^/l/) >7;V] 7^ U V % 3 . 5 - ex ( h 
'J7;V*D^^V) -4 -[3, 5 -ex (hV7)\>* 

p^f-;l/) ^^;W7-'J>, 2-[3, 5-ex (h 
ij7Mn^f;W ^>^;W7-'JX 3-C3. 5 
-ex ChU7;V*p^f-;l/) ^^/V]7-'J>, 20 
4-C3. 5-ex (h'J7;l/*p^f-;l/) 

7-iJX 2, 4-ex[3, 5-ex (h'J7;l/*P 
^V 4 /'f/V]7-U>, 2, 6-ex[3, 5- 
ex (.hVyfrfutW) *<>yV/l/]7-y:/, 
3. 5-ex[3, 5-ex (h'J7;V*P^^;l/) ^ 

> % /-r/W7-y>, 2, 4, 6-hux[3. 5-ex 

(KU7;V*P>{^;1/) ^yy-fM7ii;^ 2-7 
;l/*P-4-[3. 5-ex (hy7/M-D*f7l/) ^ 
> % /-OW7^y>* 3-7/l/*P-4-[3, 5-ex 

(.hv 7 >i*u *y s MM7s.vv* 2. 5 30 

— 77/l/*P-4-[3. 5-ex (hU7;l/*P^^ 
W ^/•YM7='Jy, 2, 6— 77;l/*P-4- 
[3, 5-ex (hU7/l/*P ^> > /'T;W7~ 
'JX 3. 5— 77;^P-4-[3, 5-ex (MJ 
7/t/* P * "Oy-T /M 7- U X 2 — h U 7;V 
*P*f-;V-4-[3. 5-ex (h>J7>l>*P*f- 
;W ^y^;H7-»JV, 3-hy7rt/*P**;l/- 
4-C3, 5-ex (b!>7WD^fM 'O'/'f/W 

7-yy, 2. 5-ex (hy7/M-p*^;i') -4- 
[3. 5-ex (hy7;v^P^f-;i/) lyWMT- 40 
yy, 2, 6-ex (h<;7;v+P^f-;i/) -4- 
t3, 5-ex ChU7;l/*p^^;W ^y^;W7- 
y^> 3, 5-ex 0*y7;l/*P*f-/W -4- 

[3. 5-ex (hy7;M-p*?-/i/) *<y*/y/W7- 

y^> 2-[3. 5-ex (h»J7/l'*ny^-/U) 7i 
r;W]7i'JX 3-[3. 5-ex (hU7^*a 
*^;10 7i-/Pf*]7-y>, 4-[3, 5-ex 
(hV7to*V*W) 7i^f*]7-';y, 2. 
4-ex[3. 5-ex (hU7/I/*D>«^;W 7x^ 

7-yv» 2, 6-ex[3. 5-ex (h>j7 50 
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;M-p*?-;l/) 7i^;l/f-*]7->;x 3, 5-ex 
[3. 5-ex (.hV7fr*u**M 7i-;W]7 

2, 4, 6-hyx[3, 5-ex (biJ7;l< 
*n*?)\,) 7ir;W]7-UX 2-7;t/*P- 
4-[3. 5-ex O 'J 7;l/*P 7i-^f 
*]7-y>, 3-7.M-P-4-C3, 5-ex ay 
7;l/*p*? : ;l/) 7x-;l'f-*]7-y>, 2. 5—7 
7/i/*p-4-[3, 5-ex (hy7;v^p^f-;i/) 

7x-;V^]7-U7, 2. 6-5>7/M-0-4- 
[3. 5-ex (hU7/l/*n;t*-JW) 7x-;Vf*}7 

3. 5— 77;l/*P-4-[3. 5-ex (h 

>j7;i/*p^f-;i/) 7x-;Pf-*]7-yv, 2-hy 
7;I/*p**;1/-4-[3-. 5-ex (hV7)^tnyt. 
*f-)V) 7x-;W]7-»J>, 3-h';7;l/^P^f : 
;i/-4-[3, 5-ex (hy7/l/*p^f-;l/) 7i- 
;l/f-*]7-yy, 2, 5-ex (hy7;i>*p** 

-4-[3, 5-ex (bU7^P^f-;l/) 7x 
-;W-*]7-yx 2. 6 -ex (h'J7;l/^pp<f- 
;b) -4-[3. 5-ex (h';7;l/*p^;W 7x 
-;i/f-^-]7-yx 3, 5-ex (hy7;M-n** 
;i/> -4-[3, 5-ex (hy7;i>*p;*^;i/) 7x 
-;Uf-*]7-'J7, 2-[3. 5-ex (hy7^*d 

7x-J\/7>fr7<<-tV)7-Vy. 3 -[3, 5 
-ex (hV7)Vtuyif-)l) 7xx;l/X;W7W-;H 

7-yx 4 -[3, 5-ex (hy7/i/*a 

7x^;l/XJl/7-<'-;i/]7-y 2, 4-ex[3. 5 
-ex (I*y7;l>*p*?-/W 7i-;VX;l/7^^W 
7-yx 2. 6-ext3. 5-ex (h»;7;^P 
7x-;l/X;l/7w-;l/]7-'J>', 3. 5-e 
X[3. 5-ex (hV 7 )l*U 7i-M;l/ 
7-f-;W7-'JX 2, 4, 6-hyX[3, 5-ex 
( h y 7;V*p * f-M 7 x x;VX;l/7 w 7- y 
X 2-7;l/*P-4-[3. 5-ex (HJ7;W*P 

7x-;l/x;i'7-r-;v]7-ux 3-7;l/# 

P-4-C3, 5-ex (hy7;V*P^f-;V) 7x- 

;l/X;b7-r-;H7-'J>, 2, 5— 77;I/*p-4- 

[3, 5-ex <,YV7.mu**)V) 7x-J\<7>)17 
-f-;V]7-yX 2, 6-:77;V*P-4-[3. 5- 
ex (hy7;l/*p**-;W 7x^;W;l/7^r/i/]7 
-y7, 3. 5-v ? 7;l/*P-4-[3, 5-ex (h 

y 7 Ma pi f-jv) 7 jl=.)VX)V7 w 7- y 7> 

2-hy7;l/*P^^;I/-4-[3. 5-ex (h'J7 
;l/^-u^^;i/) 7x-;l/X;V7-f-;W7-';y, 3- 
hU7;i/*p>«f-;V-4-[3, 5-ex (hy7;w^ 
uyi=f-)l) 7x-;Vx;l/7<-;l/]7-y>, 2, 5- 
ex (hy7;V*n^^;W -4-[3. 5-ex (h 
y 7 p ^ 7 x -)i*fr7 4 -M T-V>, 

2, 6-ex (hy7;l/^-P^^;l/) -4-[3. 5- 
ex (hy7;V*pp<^;V) 7xr.;Vx;l/7-<^;l/]7 
r.'J>, 3. 5-ex (YV7)\'*u*1-)V) -4- 
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[3. 5-tfX (hi^JfctPjt?-*) 7ir;^/l/7 
^/H7-'JX 2-[3. 5-lfX (hU7;l/*np< 
f7l/) 7i^/l/tc;H7;yx 3 -[3. 5-fcT 

y, 4-[3. 5-tfX (h'j7/l/*P*^;l/) 

/i/Xrt/ifcrMT-yy, 2, 4-ex[3. 5 -ex 

(hi) 7}V$ru)t f-)V) 7 x x;l/*;l/*x/l/] 7^ U 
y % 2. 6-ex[3. 5-fcfx (MJ7;l/*n*f- 
;W 7x-;l/7.;l/*-;l/]7-'J^ 3. 5-ex[3. 
5-tfX 0»';7;1/*p 7xx;l/7s/l/*x;l/| io 

7-U>> 2, 4, 6-HJX[3. 5-fcTX (M>7 
;M-p*7Vl>) 7x^;1/7n;1/^;1/]7-UX 2-7 
;l/*P-4-[3. 5-ex (H;7/l/*P*?-;t') 7 
x r.;VX;l/*-;V]7- U 3 _ 7,1,3-13- 4 - [3. 

5- fcTX (H;7/M-a*f7W 7xx/U*/P*x/l/| 
7-U> x 2. 5-*77;l/*P-4-[3. 5-ex 

(h »J 7;l/^-n^^-;W 7xx;i/X/i/*x;i/)7xi; 
X 2, 6-^7/l/*n-4-[3, 5-fcTX (HJ7 
fl/*u**M 7i^X;l/*-M7-';x 3. 5 
—77;b*D-4-[3, 5-tfX (hU7;b*o^^ 20 
/W 7x^;l/7;l/*x;l/]7->;y, 2-hU7/l/*n 
yf-/l/-4-[3. 5-fcTX (hU7^D^f-;l/) 7 
xX/t/7./l/*x;t/| 7- U X 3 - b V 7)\>*u*=f-)\, 
-4-[3, 5-fcTX (H;77V*P*7M>) 7xX;t/ 
X/l/*x;i/]7xyx 2. 5 -ex (M>7;1/*p* 
-4-[3. 5-tfX (hU7;^np<^;l/) 7 
x x;i/X/l/*x;i/]7xij;/ % 2, 6-ex (H;7;l/ 
*n*^;l/) -4-[3. 5-ex (hU7;l/*P^^ 
7ir/l/X/VtOl/]7-'JX 3, 5 -IfX (h 
>J7Mn^f;V) -4-[3. 5-fcTX (HJ7;l/* 30 
p**7l>> 7xr;W;l/*i/I/]7-'J^ 

[002 1] l5fB^faiftg#WBg3i^^ FoexMJ 

0~2 5 0Wft<, <fcD#£L<li20 c C~ 

<«0. 5-1 20^T^»), J:O^L<liO. 5 

~4 8i$ht-&5. 

[00 2 2] U^WtLTtt, ^> 40 

•ex Ml/xx *5/U5/*0»*»Kfk*j|«L 7-fe 

/f^Xf^l-V, '/^D^/y, ^7* 

/^<0^h>S, BtSex^/k RB8-t-7^;l/, Bf 

6- n-7*;k R&-n-^*->/l^<DX7-f/t/^ 
1. 2-*7£ppx*:a ^dd^;VA, ^an'-O-tf 

^(D/Npyy{k^{k7j<^ l, 2-s^h^x* 

y^'J n-;Vx^-;l/^^;l/x-x;l/, 3 
-;l/i/x?-rt,x— r/k fh7tKo77X 1. 3- 
*7**-*X 1. 4-5>**-»f-:/*©x— N. 50 
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N--7**-;l/*/l/A7Sh\ N, N-S>*?-;W7-t: h7 
SK> S>**7VXrt'jMrS/K, N-pt^;l/-2-en'j 

[0023] *RWT#*L<Hv*&ns^tt»tL 

omWmULX^ Cp2ZrCh/^^;l/7;U5/+y-9-^ 
(HAOX CihZrCh/^^;WV7^;P7;l/57+-9-X P 
dCb/MAO, Nl(acac)i/MAO, Ni(acac)»/EtAlCl»> NKaca 
c)»«2HiO/EtAlCli % Ni(acac) ! /TlCli, Nl (acac)t /BFj • E 
tiOx NiCli(PPhj)t/AlCl, % Pd(acacWEtAlCh N PdCl 
2 (C.H5CN) 2 /EtAlCh> PdCh(CiHsCN)t/TiCh, PdCh (C. 
H, CN), /BF, • Et» OQ&»£t>&feAMBK. [( 1/ ' -al lyl)P 
dX] (X=BF« , SbF. , AsF. , PF, , CF S S0> " )T*S*n57 U/l/Pd 
•Y^^tis CpTiCh, CpTiCl J <DS'*P'<>'*$>xx;l/ 
Stx-f;H*Wt5A-7f*y-fey, CpTlCh© 
* n s<y 2 ^xx^gtcx* f 5A-7f 

v>. ^©TOi, afiKStsuTo. 0 i~i 0* 
;v%*W$t<, «fc05f$L<tto. l-st^-pag 

[0 0 2 4] *fc, *%^<o^ia»s^Bi^-r5 K 

[0 0 2 5] *»WO*U (fll«S*U7^» laegfe 
OSfi¥^?«{i^ 500-5000000 b 
<x *D»$L/<«1 000-1 0 00 OOOTSSo 
*»W©#U (flg«S*l/7-f^) (lkH 
z) £2. ^6.^2. 5&TfX'^Ctm^ 

L<> ®#r^tov>T« 1 Fff73fR]s Sil73(R](Di/>-fn© 
S#f^5fe 1 . 5 6 fiCF, if?* L < tt 1 . 5 1 J^TT-fca 

icmmmmit o . o 1 wT-efes c t*t» $ u\, 1 % 
aa^ss dd 1) a.. xm±&&tiftzmim 

©jS*6* 3 5 0 , ClX±^S : $t<, *0»$t<«4 
0 0^C«±-efe5. $/-c^7X|£^iga (Tg) (i2 5 
OV&±mZL<. «t»)»$t<tt3 0 0 , CW±T-* 

[0 0 2 6] *9B9!fC«t*« (a)-fiftS(l) 
T»**n*ffc**lc, (b) iMttt^jSata-rsci: 

[0 0 2 7] (b) ^Ta&S@f*© : 3 1 i:UTa, 

f^-7i?, -7;l/3x7iK?, -bU7)ia?* 
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©5fe#fcBIS<:i:tfT-t£. HKtWtt* fb£» (a) 

l o ofi«a»;:*f LT i ~ l 0 ofiSSWrf 
ktf#$L<, «fcD#£L<«5~5 0SSgBT££. 
[0 0 2 8] CCD (a) H»5£ (1) T?SSn*{fc£4& 
k, (b) BftH^fcfrSfilcatfy ■GBHa*l'7Y 

^) fflricWc/Bi^&ftSiSJifci/n*, hfr 

j\,*?fr>rhy, i/tu^v/y, ^-fzsvmwr 
hym, fflkx*>w gtu-t-T^/k msL-n-? 

f-;K IW-n-^*'>/l/*©x*T7W& 1. 2-S> 
yyfk^kTkHS, l. 2-^h*i/xjr^ ^x* 

;l/X-x;k rh7t:Hn77^ 1. 3-5>**tf 
V, 1. 4-^**-9-^<DX-r/Mg, N. N-^ 
^*;VA7SH, N. N-S>*f-;t/7-teF75F, S> 20 
j»*jW*/I/**5/K, N-^f-;l/-2-tfDU K>, * 

tO 0 2 9] <^fCf5i;T*%W<Di}?'J (iigJi5£ 

[0 0 3 0] T&i:<98ii&*lRj±f 

*u-nw**u OBBew-w-o) o7x^teftj* 30 

[00 3 1] LfctfoT, ()M£*U7 
w» ft, 7'J>h@fi^LS I ffleJIMf&NW*tt* 

[00 3 2] 

y/W^-Sx-i/a^oTh^?^- CGPC) 
(Mode 1 5 1 0 (Water sttSD ) fcffl^T* 

d?y^^uvgimcTsa¥^?« <mw> *w&i, 
[0033] wpome 

awr*M»thf--73A 1 5 0 0 A OKftflMI («) 

SO fcH^TflteU k tfco 50 
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[0034] ttsmomg 

#'J QHI£*l/7<r» m<0 1 k H z lC*tt«ft«S 
ta-bvh K OBOISOLCR 

*-*-4 2 8 4A*JBV v C«llEU T£Sfc.fcDJtif 
(e) e = C • d/e° • S (ffiU C 

(F) , dttKfUDtj* (m) , e°t*R$* 
OR«*, S(*±flN8ffiiBtt (m') t?fe5. ) o 

[0035] mmmomm 

7yXA*77'7-Mod e 1PC2010 (Metr 

1 conttS) (DHe-Neb— y-OiSg (6 33n 
m) 7yXA*«y75-a7?2 O^CTiHiJ^U 
MBte»bT¥ff*lRlOJB»f* (TE) kS@73(Rj<DS 

mm (tm) *j:tf*n6o8-p**ajiwr***» 

/"Co 

HSWRiRx^* h)l ( I R) 9i£ 

TOftdteftmC'f s Ft* k b r g-cneu *y 
^o^^o^ssi^Lfeo »jEa«i7-yxWft*fl. 

5MS9tt«W- TF T - 7 2 0J (WISftftr .(«) SO * 
[0 0 3 6] ftHtflBWI*'** (' H-NMR) © 

mm 

S8«CDC li*ftttTHF-d8JC»J»U 2 7 0M 
HzTiffl^Lfto »£SBajBfi9FTNMR TEX- 

2 7 0J (B+W^r-^.Mtt) Si) fcHVfc. 
[0 0 3 7] jtT5:ME»ffl*(T g)<DS!l£ 

;*Mj£fi&«ff D S C - 5 0 (AHatftffi (*> SO K 
£0, gUtgB&f, #^^0^/ttT ; ifJ£Lfc. 
[0 0 3 8] 1 %«ttjgt'>iSg (T d 1 ) <Di$£ 
&fifiifflJ£gSTGA-5 0 (ft»8ffi9r (*> SO * 

fflv\ gigifj, «iawioT/»Tftij»LT» i%s 

[0 0 3 9] «HRK£tt<Offi£ 
@ft©?£&inj Lit* 'J 2 3 ICOffiglcttK 

[0 0 4 0] HX*5y*tiHI* 

4 y^<D-> y n >7x^±tc@{*ia^^iPLrc#y 

ZmfTcW*±lcLr, TW% 1 5 cmx l 5 cm, IP 

&lc s a— T)W±m<Wm*v F ( I C - l 0 0 0) ^ 
Bit («) SJ+J-y^- (S V 1 2 S E) t|SZt)Wtx % 
«ir©7xM±fc*+#'y httSI^7y- (SS-2 
5)%5ml fSTFLTx ?SfS^5 k gfrttfc»f»^v F 
t«fcy??fgiBia*3 0#tfo/c:o C<D'&, 7x/n±<0# 

[0 04 1] 1 e x o —TV? ^i^zk^osi 
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m 

exo-\£is*u [2. 2, 1] ^N'/h-S-X^- 

2 . 3 ( e x o -*5>y 
ft) <0£$ 

endo-tf^n [2, 2, 1] 

2,3- vtimymsm ( e n d o 

*1» lOOg (0. 6 1*;1/) fc, mmT, 2 0 0^C 

•e»»U YfrJ-y 10 0ml £j&o;tfc&> SiSS-p^ 
#r*fc»ltfe08A#*rtflLfc. S&fc, c®£A% io 
h;l/xy?}SIS&f £ e fclc£ !>*f&W0ittffiSA* 

W©ft^**3 2. 8 3gfirCo 'H-NMR (01) 
**tfIR (02) fr5§ttfkftMrVfc«2:neLfc. 
[0 0 4 2] 1 4 3-1 4 4°C 

AMURX*** : 1 8 6 6. 1 7 7 8 cm"' («± 
C = 0), 1218, 9 13cm" (W±C-0) 
'H-NMR: (CDC1 S , ppm) : 6. 34 (s. 
2H, CH = CH) , 3. 4 5 (s. 2 H, CH) , 

3. 01 (s. 2H. CH) , 1. 56 (d-d, 2 20 
H. CHi) 

WVWVU (ID 2g (0. 0 1 1*/W «&a 

(3 6%) 5mnciDnaL%^e.rS)nu 

-;H 5 0m 1 ZtQZrco il<D£JSiK£iffiiI&* Jtttfc 
2. 5-/;l/#;W-^X>2. 31 g (0. 02 5* 

mztimumETT'&tsiL* e->*o [2. 2, 

1] ^^i^-z^yt^i.^oij H3. 07g£f# 
fc. 30 
[0 0 4 3] CCDkT^a [2, 2, 1] 'N^J^Il' 
-rtWVlktuy F2. 62g (0. 0097* 
/W , J^Stf-HJ^AO. 88g(0. 0 08 3*/l/) 

K**/-;l/3 5mi;&;&03., gfTF> SST?2^ra^ 
#LTE£<*-£fc. £fttt*ffill<:J:!>£HBU MEET 
•V^LfctZ^ t£->*n [2.- 2, 1] *\?*&x. 
y-;^m>nyK=l»2. 5 7g£ifcftfe<OS» 

[00 4 4] SSfc, C©lf->^n [2, 2. 1] ^7* 
*S^x:/-/<7^7A*PU K-fi{*%^oo^y-lf^ 40 

fc»sp*-&fe«„ i. Qmm<D7-Y77)\>*ut^wm 

[0 0 4 5] ##003 -f^S KAOgtfi 
N- {3. 5-1?* (M>7;l/*D>t^;l/) 73.-M 
M'stU [2, 2, 1] ^yh-5-x^-2, Z-i? 

e x o-fcf^d [2. 2. 1] s\-?b-5-3Ly- 

2. 3-^*;l/#>i^SzK%l6. 8 5g (0. 0 4* 50 
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M £2kft®3 4ml (20w/v) fcigJSLfc. C<0 
J§J£{C3. 5-tTX (r-U7;M-n*?-/V) 7-0>i 
0. 19g (0. 0 4t;W«lTU tlT, 120 

8 s#ra®#LTEj& sjs»*?sm *6 

0 0mHca<-i:giillfe(D^A^*fmLfe. C 
§H*l8A*»fc. roe*!?, SSA*#8iUii£ET-p 

&j®U Bft<9ffc£%l£ 1 1 . 6 2gf#fc. 1H-NM 
R (03) fe<fctfIR (0 4)';b>e>B6<Hfc£%?£3i: 

[00 4 6] 1 2 8-1 2 9°C 

BWmL^tYfr: 3 1 1 6. 30 7 4, 2 962. 
2 8 9 2 cm'' (W±C H) , 1 7 0 9 cm"' (W±C 
= 0 (-T5H) ) 

'H-NMR: (CDCli, ppm) : 7. 89 (s, 
1H, Ar-H), 7. 85 (s, 2 H. Ar-H), 
6. 38 (t. 2H. CH = CH) , 3. 44 (s. 2 
H. CH) . 2. 9 1 (s. 2H. C H) .1.57 

(d-d, 2H, CH») o 

[OO4 7]##0H4 *^SKB<D§¥jI 
N— (4-hy7/l/*D^f;l/7i-;l/) V£->*n 

[2. 2. 1] ^7"h-5-X>-2. 3-S>#;W** 

exo-mD [2. 2, 1] 'NT'h-5-xy- 
2, 3-S>*;W*>K&zM&9. 26g (0. 0 6* 
;l/) §*Si8!4 6ml (2 0w/v) tjgPLfc. C<D 
mmiCt-hVJfrXuti-jVT-Vy 1 0 g (0. 0 

6*;!/) *«ru £&T> i 2 0"C"e8tfw«#i/r 
E£2-efc 0 *6 0 0mH;:i£<-i:$ 

»cJ:Dx SSA«ftftU «ETTiaiU gW©{fc£ 
%l£l3. 1 2 g'mcc ' H-NMR (05) fc<fctf I 
R (06) a>&@W{fc&%T£*fclRB£Lfc. 
[00 4 8]©^: 2 0 2-2 0 4^ 
m^HHXX^ h/l/ : 3 1 1 2. 308 1. 2 9 8 9. 
2 8 8 8 cm"' («±C H) , 1 7 08 cm" (fit±C 
= 0 W5K) ) 

'H-NMR: (CDCIj, ppm) : 7. 59 (d- 
d. 4H. Ar-H), 6. 37 (t. 2H. CH = C 
H) . 3. 4 3 (s. 2H. CH) . 2. 8 9 (s. 2 
H. CH) .1.56 (d-d, 2H, CHi) . 

[0 0 4 9] ##015 i-*M 
N— [3-r-U7;l/*n^;l/-4- {3. 5-tfX 

(h'J7;l/*a*?-;l/) 7i/*'>].li5'*D [2. 
2. 1] 'N7>-5-x>-2. S-fiMttf-fS 

exo-e^a [2, 2. l]A7*h-5-xy- 
2. 3-^*;V#>&$t7j<%5. 7 5g (0. 0 4* 
)V) %*.m&29ml (2 0w/v) tCjg||?Lrc. CO 
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iS}«fc3-bU7;l/^-n/^/i/-4- {3. 5-£7. 
(hU7;M-n**7W 7x/*M 7-'J>l 5g 
(0. 0 4*;W *«TU a*T, I2 0^c-P8f^ra 

®#LT5JS£-£fc 0 7i<6 0 Om UC 

»x*/UT?|||gfi"rs c fete * D«t63noSHXfSa« 
WOib^&^l 3. 6 1 g#fco 'H-NMR (07) 

*>«fctfiR (08) *^6BWfb^in?**fcraSLfc. 

[00 50] 1 7 6-1 7 8t 10 

fcflByRX^h/l/: 3 1 0 8. 30 7 4, 2 9 93, 
2 88 9 cm" OSUiCH) , 1 70 5 cm"' 0M±C 
= 0 WS H) ) 

'H-NMR: (CDCls. ppm) : 7. 07-7. 
7 3 (m; 6H. Ar-H) . 6. 3 8 (t, 2H, C 
H = CH) . 3. 4 4 (s. 2H, C H) ,2.91 
(s. 2H. CH) .1.57 (d-d. 2H, C 
H.) . 

[0 0 5 1] #^006 *$>>T5KD©£ja 
N— (3. 5->7f;l/7i-/W K->*n [2. 2. 20 
1] ^h-5-X>-2. 3-f****WSKO 

exo-lfi/^n [2. 2. 1] ^h-S-xy- 
2, 3-5>*/1/#>W**lir5. 7 5g (0. 0 4* 
;W *3MM2-9ml (2 0w/v) fcjSSPbfc. CO 
jg®{C3, S-l?*+foT-»VA. 84 g (0. 0 4 
*/W ®TFU SJKR l 2 0iCT?8tf»a#t/CE 

#6 0 0 m I tact** 

« c i: fc J: 0 tfeSMOfrttMAttlfc. Bifi 30 
tCfcO, ttA*#*U *ET*IBitU Btt©fl:&« 
£9g#fc e 'H-NMRfttflRfr&BWfbfcfcT* 

[00 52] Btj&: 1 58-1 60XJ 
^®lRX^h;l/: 307 9. 29 8 7. 2 9 1 7. 
28 7 5 cm'' («1CH) , 1774. 1702cm 
" Ctt±C=0 (-T5F) ) 

'H-NMR: (CDCIj, ppm) : 6. 99 (s, 
1H, Ar-H). 6. 83 (s. 2 H. Ar-H). 
6. 34 (s. 2H, CH = CH) . 3. 40 (s. 2 40 
H. CH) . 2. 84 (s, 2H. C H) , 2. 33 
(s, 6H. Ar-CH,), 1. 58 (d-d, 2 
H» C Ht ) o 

[0 0 5 3] %mm 1 #'JT-A©d* 

>-tf ^TgfK 4 0 . 5 m 1 fc, #«M3Ttt 5 ttfc^V 
5 FA 3. 6 4g (0. 00 9 7*;!/) fciO*, MUX' 

UT-A*»fc. iRfitt, 1. 6 1 gT?feofCo M«¥ 50 
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iStt^fi (Mw) tt3 9 0 00T'feofc, C<D$W- 
AO'H-NMRX^Hl/ (THF-d8. ppm) 

[0 0 5 4] MjSOJ^UV-A 1 g£2 — 

gt»»bfc. c<Dfc&£{££«faiii Oft) Heamb 

yfcTV-h (±B*7.^'J-y (80 KSKW-6 3 

6) *ffll>T, 8 0C-P3& menu ssk*-? 

v gwjj'K/w («) ih^- r-*-7» 
v>r, 1 4 0"c-eo. -sum* 2 5 0^-entnMaw 

»U ±«WHHft*l/CitWI* (e) M&MftfcL 
fco t©KROl!m»£Ufc&J& e = 2. 3 6T- 

[0 0 5 5] <f9^±»CjgJ«bfc#y V-K*ffl 
^T, ®Sr*«il!ISLfe. *©£&, Wm\t. TE = 
1. 48 4 6, TM=1. 48 12, gJHtfMO. 0 
0 3 4T-fcD, ffl#T$, ISJaSf^fcfeK/J^ftfilfcfto 

fee 

[0 0 5 6] 3:7c, #5;MESiB*tt4 0 0X:*Tlftti| 

^n-f, i %asig'>?agti 4 2 ox:t-^ ofc„ c©* 

[0 0 5 7] £S&0>|2 #'JT-BQ£$ 
IfSIT, <MrW2?»&ftfc/<?S*>£8tt©*nD't 

B 6 g (0. 0 19 5*;W SiI"T?3 6HMS 

(Ss-erc. c©Kisa%ffiiiu @#£nmp, 7k, ^ 
B#*fifc. «rs«, 4. 6 6 gx-hitco mmw-^ft 

(Mw) It 1 9 0 0 0-?$?fe. 

[0 0 5 8] ftftWRX~<9 : 3 1 1 6. 3 0 7 
4, 2 9 58, 2 89 6 cm"' CCUiCH)., 17 12 
cm" (W±C=0 ) 
'H-NMR: (THF — d 8, ppm) : 7. 65- 
7. 95 (m, 4H, Ar-H), 1. 35-4. 00 

(m. 8H. S)l$)l*y-H) . 

[0 0 5 9] Wi£0#y7-A*B 1 gfc£*fc«fltt 

LfcfSJR, e = 2. 5 0, JSST^tt, TE = 
1. 502 1, TM-1. 4 9 8 5, ttJStfWiO. 0 
0 3 6Tfeofc 8 $fc, 7?7^|g^}§ett4 0 0°C$-P 

^a^n-r, i %saM / >iaa«T d 1 = 44 3^-efe 

4? u ^ 7 v ^ttss^T-««*<ms* nfc„ 

[0060] $mm3 ^<;v-c<o^fi)c 
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y*I>m4 7 m 1 fc, ##0*5T?f§5ftfc-H>W5 K 
C6g (o. oii2^-;i/) fcira*, MiS-C3 6B#Ra5 

fclntrca C©5fSffi*^^y-;l/3 0 0ml (eft?, 
*rttft*a&ill,*HILfc&, .«flETKTK»U 
-C£#fc 0 iRfiti, 4. 0 3gT'&^*:. 
?tt (Mw) »i2 2 OOOT&ofco 
[006 1] jStfi-SM**^* : 3 1 0 8, 3 08 

1, 2 9 6 2. 2 89 7 cm"' («1CH), 1716 
cm*' (W±C = 0 (<<5F) ) 

'H-NMR: (THF — d 8, ppm) : 6. 80- 10 
7. 95 (m. 6H, Ar-H). 1. 25-4. 40 

(m. 8H. //l/#;l/*y-H) o 

C0 0 6 2] Hfi&m©#';v-A*MSE©#'JV-C 

It. *©K80Ha8W*8B£Lfcfe«, e = 2. 3 

2, TE= 1 . 5 099, TM= 1 . 506 

5, gJBftWUO. 003 4T^ofc 0 Sfc, #5X$E 

gisga 4 o o "CijT'fcttJS nt\ i KttK<Na£i* 

Td 1 = 4 1 3XT?fcofc. C©#yv-»*©tt*£ 
jettttfc»-ea5ofe. 9 y*ttWI 20 

[0 0 6 3] £K50!|4 #'Jv-DO^)S ' 
SUIT, ##W2T»&nfc/*95*7Z»l|{*©*nci'< 
WymWLA 7 m 1 tc, #%096T-fi6nfc7^f 5 K 
D6g (0. 0 4 9*;W fciPA, SlSl?3 6^raS^ 
CORl6W*/*/T-/l/3 0 0mllCftif, *T 

D«»fc. tRStt, 3. O3g-p£ofco MHPSfl^ 
ft (Mw) (i5 5 0 00-pfe-5ft. 
[006 4] ffcttRlRX"?* WW: 300 8. 29 5 30 

6. 29 2 1. 2 8 90 cm'' (KlCH) , 177 

4, 1 7 0 4 cm"' GW±C = 0 ) 
'H-NMR: (TH F — d 8, ppm) : 6. 86 

(br. s. 3H. Ar-H). 2. 16 (br. s. 
6H. Ar-CHi) . 1. 00-4. 4 0 (m. 8 

H. /;i/#/i/*:/-H) . 

[0065] *««iio#u^-A*iaao*yv-D 

fc. *oK8ottWt**W^Lfce*, e = 2. 6 

5, TE = 1. 5 6 46* TM= 1. 5 60 40 
7,.tEJB#r¥B0. 0039f$of£ t Sfo #9X35 

©sgtt 4 o ots-efctosn-f, i %2ft8«Maaa 

T d 1 = 4 3 OXIT'&ofc. C ©# ij v-jSffi«ttgS 
[OO6 6]HfiS0O5 

*JMii©#yv-Ai g%2 — ^yy3gttsjs? 

Lfc. C©»«fc#U^h57;l/*PXf-U>#UyD 

euy*ft£tok#ttvr/i/ («) SI" # 

U7D>FEP")0. 2 g^rJn^T (#>Jv— 1 00 50 



£ft&£#rsBti&?©aaoft2ofiftff) , 3 ox 
asf^im («o «H»<tx^u> 

[0067] c©#yv-»«*fflv^TH«ffiiifcra* 
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